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FOREWORD 


Thli  doeuaent  is  e  machine  translation  of  Russian 
text  which  has  been  process4»(i  by  the  AN /GSQ-l6(  XW-2 ) 
Machine  Translator,  owned  and  operated  by  the  United 
Utates  Air  Force.  The  machine  output  has  been  fully 
post^edited.  Ambiguity  of  meaning,  words  missing  from 
the  machine's  dictionary,  and  words  out  of  the  context 
of  meaning  have  been  corrected.  The  sentence  word 
order  has  been  rearranged  for  readability  due  to  the 
fact  that  Russian  sentence  structure  does  not  iollov 
the  English  sub Ject-verb-predi cate  sentence  structure. 
The  fact  of  translation  does  not  guarantee  editorial 
accuracy,  nor  does  it  indicate  USAF  approval  or  dis¬ 
approval  of  the  material  translated. 
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ON  STATIONART  METEX3R0LXICAL  MEASURJEMENTS  IN  LOWER 
300-METER  LATER  OP  THE  ATMOSPHERE 

F.  Ta.  EUnov 
Introduction 

The  solution  of  practical  probleae  associated  with  processes  of  adJdng  and 
transport  of  istpurities  in  the  lower  layer  of  ataosphere,  and  the  study  of  eoaplex 
neteorological  processes  are  possible  only  with  a  stable  systeai  of  autoaatic 
aeteorological  aeasureawnts  during  the  witire  layer.  Fbr  such  invest Igations  lately 
there  hare  been  used  lofty,  chiefly  radio-  and  television,  aast  and  special 
meteorological  towers.  Such  structures,  equipped  by  a  complex  of  measuring 
apparatus,  serve  like  a  probe,  thrust  Into  an  atmospheric  layer. 

At  the  Institute  of  Applied  Geophysics  on  the  initiative  of  Acad.  Tb*  K* 
Fedorov  and  in  conformity  with  its  base  installations  there  has  been  developed  and 
partially  introduced  into  operation  a  ooaqdex  of  automatic  swteorologioal  msaaure- 
ments  in  the  lower  300-meter  layer  of  atmosphere.  This,  essentially,  is  an 
automatic  geophysical  observatory  (AGO),  idiieh  has  been  based  on  the  hl^  tower  of 
the  Institute. 

The  tower  with  a  height  of  310  a  —  is  a  tubular  mast  (Fig.  l)  of  unifoim 
diameter,  equal  to  2.4  a  over  its  entire  hei^t.  The  upper  level  of  msssurmwata 
is  higher  as  the  result  of  an  extension  type  vsrtioal  pole  whloh  can  be  raised  to 
315  meters. 
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The  selection  of  such  tjpe  cf  autet  is  otlpudated  by  the  elapliclty  and  strength 
of  its  construction,  technical  possibilities  of  coeBiunlcatlon  between  its  operating 
levels  (elevator),  the  reliabjllty  of  wiring  of  power  and  telemetering  lines  inside 
mast  and  their  shielding  from  external  electromagnetic  fields  of  Industrial  and 
natural  origin,  the  homogeneity  of  conditions  of  flow  around  the  tower  by  the  air. 

The  mast  is  made  of  butt>welded  steel  frames  6  m  in  length.  Its  frame  is 
supported  on  spherical  base  and  reinforced  by  four  gradations  of  steel  cables  (guy), 
pulled  downward?  from  levels  of  tower  72. 7|  144.9;  217.1;  289.2  m  to  a  distance  of 
75— '150  m  from  its  base.  Prom  the  first  three  of  these  levels  of  tower  to  the  guys 
there  are  stretched  horizontally  guard  ropes  onto  which  are  suspended  carriages  To* 
radial  mobile  measurements  at  a  distance  up  to  40  m  from  the  toirer. 

In  addition  to  the  operating  point  at  the  top  of  the  extension  (type)  vertical 
pole  (315  m),  and  the  upper  platform  (310  m),  there  are  13  platforms  (balconies) 
around  tower  at  levels  of  24.6;  48.7;  72.7;  96.8;  120.8;  144.9;  169.0;  193.0;  217.1; 
241.1;  265.2;  289*2;  and  301.2  a.  The  width  of  balconies  is  1.0  to  1.5  m. 

From  balconies,  the  6-meter  extension  rods  are  moved  out  to  the  west,  north, 
eastj  and  south,  at  their  ends  are  mounted  measuring  instruments;  sensors  of 
temperature,  speed  and  direction  of  wind,  and  also  strain-gauge  sensors  of  the 
microoscillatims  or  pulsations  of  the  wind  speed  (Fig.  2). 

For  special  investigations  on  top  of  tower  there  is  a  workers  office,  4-neter 
in  diameter  3Heeters  high  with  window  port-holes.  Descent  and  ascent  are  made  by 
an  elevator.  The  power  and  telemetering  lines  are  strung  inside  tower  and  at  its 
foundations  are  led  into  recorder  room,  whence  there  is  realised  the  centralised 
switching  and  monitoring  of  the  telemetering  meteoi^logical  apparatus. 

The  tower  under  effect  of  wind  loads  sj^riences  complex  oscillations  (Fig.  3). 
In  investigations,  carried  out  by  N.  P.  Baimhteyn,  P.  K.  Shklovskly  and  A.  S. 
Arkhipov,  in  a  range  of  wind  speed  up  to  10  m/sec  two  types  of  mast  oscillations 
have  been  established  with  a  frequency  ^  •  0.40  c/s,  corresponding  to  one  of  forms 


of  O8cll.^.atlon8  of  system  of  masses,  concentrated  at  joints  of  the  tower,  and  with 
frequency  *'*0.80  c/s,  corresponding  to  oscillations  of  tower  as  an  elastic  rod 
on  a  solid  support. 

In  random  processes  of  oscillations  of  tower  there  have  been  recorded  viHually 
periodic  coeiponents.  For  example,  for  upper  point  of  tower  (310  m)  the  basic 
frequency  of  the  virtually  periodic  component  is  equal  to  0.80  c/s;  the  predominant 
frequency  of  a  purely  random  process  is  0.40  e/s.  On  the  guy  ropes  of  the  two 
upper  levels  a  frequency  of  0.22  to  0.28  c/s  has  been  recorded.  As  a  rule,  the 
trunk  of  the  tower  oscillates  in  direction  of  wind  and  perpendicular  to  it  with  a 
frequency  0.76  to  0.86  c/s. 


Fig.  1.  General  view  of  high  tower. 
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Fig.  2.  Operating  extension  rods  with  shunted  sensing  units. 

Joints  of  the  tower  (places  of  guy-reinforceaents)  basically  oscillate  with  a 
freqxjency  of  0.40  to  0.46  c/s;  there  have  been  also  recorded  oscillations  of  these 
points  in  a  direction,  perpendicular  to  the  direction  of  wind  with  a  frequency  of 
1.20  to  1.35  c/s. 

If  we  aeeuae  the  oscillations  of  the  tower  are  realized  by  its  sinusoidal  law, 

then  ita  diaplaceaMnt  can  be  presented  in  the  form  of 

V  .4  sin 

where  A  is  the  SMixianB  diaplaceaMnt  of  tower  trunk; 

ia  the  cyclic  frequency;  hence  the  ■axiinai  rate  of  displaceawnt  of  point  of 
tower  trunk  ia  expressed  as: 

{(i.x  •“  2.1.4/ 

The  anplitude  of  tower  trunk  displaceawmt  of  0.3  to  4.0  wm  has  been  observed  with 
a  wind  speed  up  to  10  ai/sec  and  the  chief  atximm  frequencies  are  0.76  to  0.86  c/a. 
Hence  the  naxisun  rate  of  the  tower  diaplaceaMnt  will  be  equal  to 

{dxfdt)m,x  «  2.1  ■  0.004  •  0.86  -  0.C22  w  see  . 

which  ia  Bueh  lower  than  the  threshold  of  sensitivity  of  wind  speed  sensor  equal  to 


0.5  a/sec. 

The  hj4h  .ower  (Fig.  4)  has  been  constmacted  in  a  clearing.  Froai  the  south 


at  distance  up  to  300  m  a  deciduous  forest  approachSi  -he  clearing.  On  the  east 
and  north,  the  clearing  and  adjacent  meadow  with  groups  of  trees  and  thickets 
extend  for  a  distance  1.0— 2.0  km,  farther  on  a  continuous  forest  begins.  From  the 
west  towards  clearing  there  adjoins  a  built-up  section  and  farther  at  a  distance  of 
more  than  1,5  km  is  a  forest  which  descends  into  a  ravine,  beyond  which  there  flows 
a  river.  At  the  very  base  of  tower  and  near  it  at  a  distance  of  100  200  m  are 

service  buildings,  separate  thickets  and  group  of  trees.  Hie  clearing  is  encircled 


by  standard  solid  fence  and  la  covered  with  a  stand  of  perennial  grass.  From  tower 


Fig.  3.  Scheaatic  diagram  of 
oscillations  of  tower  (dotted 
line)  in  relative  magnitudes. 
By  the  points  there  are  de- 


to  the  nearby  highway  is  a  concrete  road. 
Hie  described  conditions  on  the  surface, 
concrete  road  and  certain  service  sites 
stipulate  a  macro roughness  which  creates 
a  thermal  heterogeneity  in  the  area  near 
the  tower. 

The  developed  complax  of  automatic 
geophysical  observatory  (AGO)  includes 
(Fig.  5)  introduction  of  gradient  and 
structural  measurecaents  of  awteorologleal 
and  radiation  characteristics  on  hlgh- 
tower  (in  the  layer  2—315  m),  and  also 
the  measurement  of  temperature,  speed  and 
direction  of  wind,  himldity  on  •  gradient 
avast  (2  to  30  a)  et  al. 


signated  places  of  guy-rein¬ 
forcement  (point  of  joint),  Guidance  in  developing  the  complex 

figure  neai'  thm  is  the  height 


above  surface  of  ground  in  a; 


a  —  profile  of  oecillatiaQs; 


b  —  axis  of  tower. 


(AGO)  were  deteradnea  by  experiments  of 
USSR  and  foreign  inrestlgatlcns  made  on 
aaasta  and  towei'a  [30]. 


Pig.  4.  F.&n-di&gra2n  of  microregion,  near  tower. 

B  —  tower  j  M  —  Meteorological  Platform;  1 — ^ 

— g\iy  ropes. 


In  the  adopted  methods  of  meas  irement  of  speed  of  wind  on  towers  and  masts  [67, 
74,  75,  82,  89,  94]  there  are  tised  Feuss  anemometers,  cup  anemometers  with  electro¬ 
mechanical  contact-pulse  outfit  and  transmitting  sensors.  Registration  of  spe^d  of 
wind  is  realised  at  same  tiate  frtmi  the  pulse  and  transmitting  sensing  elments  of 
the  cup  and  propeller  t/pe  to  a  relay  register-recorder,  and  also  by  potentiometric 
circuit.  Accuracy  of  measurement  will  attain  0.2  to  0.5  m/sec. 

Diiection  of  wind  is  measured  by  sensors  with  a  rheostat  converter  by  a  bridge 
circuit  and  with  selsyn  follower  for  angular  displacement  of  indicator  of  direction 
[68,  69  St  al].  For  measuring  the  wind  di^ action  there  are  used  in  addition  to 
standard  weather  vanes  and  wind  cones  two-dimensional  weather  vanes  (double  vane 
[62,  75,  80,  88].  At  the  same  time,  the  follower  of  recorder  on  vertical  and 
horitontal  deviations  of  the  double  vane  is  realized  by  a  selsyn  connection.  The 
attained  accuracy  of  the  measurenent  of  wind  direction  is  2  to  5*. 

Measursawnts  of  temperature  are  made  [61,  64,  67—69  ,  89]  with  mercurial 
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thamooeters,  copper  resistance  themosMters  and  «<lectrope7chros)sters  with  copper 
and  platinum  resistance  theranmeters,  and  also  thexnocouples  with  amplifying  of 
signals  of  sensor  units.  The  recording  is  realised  by  bridges  or  potent ioowtric 
circuits.  The  attained  accuracy  of  measurestent  of  temperature  is  0.1*C.  The 
accuracy  of  direct  mdasurestents  of  temperature  gradients  is  in  -"hundredths  of  a 
degree. 

The  hxmidity  is  measured  by  hygrometers  with  registration  on  potent lcoeter« 
8«aico"iductor  peychrcaseters,  electropeychrooeters  at  al.  [6l,  62  ,  67,  80,  81].  The 
accuracy  of  measurements  is  +  In  measurements  on  towers  and  masts  there  is 
some  experience  in  registering  radition  characteristics  from  standard  sensor  units 
on  electronic  potentiometers. 

For  measurement  of  pulsations  of  temperature,  speed  and  direction  of  wind  in 
Soviet  and  foreign  investigations  there  are  used  a  different  type  of  micro- 
thennometers,  hot-wire  and  strain-gauge  anemometers  acoustical  thermometers,  and 
anemometers  with  registration  on  electronic  recording  instrvsaents,  oscillographs^ 
etc.  C5,  6,  15,  16,  25,  35,  39,  42,  54,  57—60].  The  constant  of  time  of  pulsation 
thennometers  described  In  literature  is  C.Ol  sec  and  of  pulsation  anemometers 
—0.01  to  0.1  sec.  The  accuracy  of  smasurement  of  temperature  pulsations  Is  0.01* 
of  pulsations  of  wind  speed  —  several  m/sec  and  of  pulsation  of  direction  of  wind 
— 1  to  3%  of  scale  of  measurements. 

The  distribution  of  Instnnents  on  towers  and  masts  according  to  this  or 
another  echose  of  the  diet rlbxit  ion  by  height  of  meteorological  parameters  cannot  be 
justified  in  view  of  theoretical  diversity  of  these  schemes,  their  association  with 
the  thermal  stratification,  dynamic  conditions,  distribution  of  htialdity  et  al. 

[7,  71,  85].  Schenaes  of  distribution  of  msteorological  parameters  in  the  lower 
layer  of  atmosphere  (near  100  m  and  higher  )are  indeterminate  and  appropriate 
theox*etical  and  experimental  inveetigationa  are  rare.  This  explains  the  variety  of 
selection  of  levels  of  the  distribution  of  sensing  eleatents  on  towers  and  masts 
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[14,  67,  69,  72,  76,  78,  82,  85  ,  86,  89].  Utually  in  InTeati^Ations  in  th«  lowr 
la7«r  of  ataosphor*  th«7  ar«  aaanMd  hy  proce^jing  fro«  anrinaaring  posaibilitiaa 
of  a  hl^  atruetura;  inaofbr  as  poasibla  tha  sensor  units  are  placad  at  levels 
corraspMDding  to  any  one  schans  of  tha  aataorological  paraasters  aloft  adopted  by 
any  one  investigator. 


Fig.  5,  Schsaatic  diagraa  of  coaqjlax  of  autoaatie  mataorological 
asasursaants  on  high  tower. 

1— •Tower j  2— Recorder}  3~-Gradiant  mast;  4»*Radiation  naa8ura-> 

mants}  5— Haasuramanta  in  soil. 

Below  are  presented  the  chief  principles  and  certain  bases  of  the  adopted 
schoMS  of  aeasureaents  aade  on  high  towers. 

1.  GRADIENT  MEASUREMENTS 


Measureaant  of  the  average  wind  speed  on  a  high-tower  is  realised  by  a 


telaMtering  photopolse  Anonograph,  sehnatic  circuit  and  oparating  aodal  of  which 
L.  G.  Kachurin,  B.  Ta.  Tolstobrov,  N.  S.  laljnichaY  and  7.  M.  UahakoY  [?7]  dawaloped. 

The  circuit  of  the  photopulee  ancaograph  (Fig.  6)  includes  a  noncontact 
photopulse  'tensing  unit,  an  electronic  decoding  (scalar)  isechaniSB  and  relay 
recorder-marker  of  the  pulses. 

Fhotopulse  sensing  unit  is  a  three-cup  vane  onto  the  lower  end  of  whose  shaft 
there  is  attached  a  disk  with  an  aperture.  Above  disk  there  is  fastened  an 
illiBdnator,  under  it  a  —  hermeticallj  sealed  photoconductive  cell  connected  to  the 
equilibrium  bridge  of  the  sensing  unit.  In  rotating  the  vane  under  the  action  of 
wind  load  at  the  mcnent  of  its  alignstent  with  illuminator,  apertures  in  the  disk 
and  photoresistor  in  the  latter  during  its  illuaination  as  the  result  of  photo- 
conductive  effect,  the  resistance  decreases.  In  this  case  there  occurs  a  modulation 
of  illunination  of  the  operating  surface  of  the  photoresistor  with  the  mmber  of 
turns  of  cup  vane.  Ihe  conductance  of  the  photoresistor  under  action  of  lusdnous 
flux  increases.  The  current,  passing  throu^  photoresistor,  is  a  function  of  the 
Iwinous  flux. 

Tn  rotating  the  disk  of  the  photopulse  sensing  unit  the  iUwination  of  photo¬ 
resistor  is  nodulated  and  in  its  circuit  there  flows  a  pulsating  current,  fk*eq:uenc7 
of  the  pulsation  (fg)  of  which  Is  deterained  by  nuaber  of  apertures  ]c  in  the  disk 
(in  our  case  k  "■  l)  and  nusber  of  rotations  of  the  disk  per  minute t 

f  ^  -  k 

Application  in  this  case  of  a  photoresistor  which  is  the  most  sensitive  and 
the  least  bulky  photoconverter,  makes  it  possible  (in  distinction,  for  example, 
from  cix^uit  with  photocell)  to  siiqilify  the  receiving  circuit  diagram  with  a  more 
powerful  signal.  The  applied  photoresistor  (F3A*01)  possesses  high  sensitivity  in 
voltage  and  little  Inertia.  The  inertia  of  the  photoresistor  (up  to  0.005  see) 
abruptly  lowers  current  at  higher  ft*equenciee. 


KEIt 


6.  circuit  ot  photopulM  tnawigriph  (MMuurisf 

and  rcglsturlfig  tmit)i  I— XV  luvula. 

(ft)  PftMli  (b)  To  ftTsrft^ri  (c)  Codlag  dftTicft}  (d) 
SpftclBftB  of  recording;  (•)  LftTola. 


Aft  tbft  ooftffioiftnt  of  thft  laortU  of  photopulfto  ftmnogrftiii  T«ao  there  heft  been 
adopted  the  tiae  of  ite  eetebliaiMent  or  of  the  ftTBchroKiisfttion  t ,  equal  to  an 
interval  of  tiaa  during  which  the  Initial  difference  between  the  apeeda  of  the 
•enaing  unit  and  of  the  flow  itaelf  varies  bj  «  tines.  The  path  of  the  apnohroni- 
aation  of  the  vane  L  -  Vr  correapmada  to  the  tine  of  STnehronisation  of  the  wind 


to 


spttod  MiMiiDg  tmlt.  It  luj  b«  dstozwlnad  from  oxpnosion  [24]: 

_  Vt 

i;  .v  =  iV^-V)e  ^  . 

Khore  U  it  the  reading  of  the  anenooMter  (linear  epeed  of  vane)  and  *  (U)  *■  o. 
Path  of  eynohronisation  of  cup  vane  is  aesmed  equal  to  several  tens  of  Mters. 
period  of  averagin:;  p  of  wind  epeed  greater  exceeds  the  tine  of  sTnchronlsation 

In  the  design  and  operating  circuit  of  photopulse  anenograph,  V.  V.  Poltavskiy, 
V.  N.  Ivanov,  and  the  author  introduced  a  misber  of  changes.  Thus,  electronic 
decoding  device,  instead  of  individual  unit  for  each  sensing  unit  has  been  coabined 
into  one  panel.  The  separate  power  supply  of  the  decoding  bars  which  have  coapll- 
cated  the  circuit  and  have  been  the  source  of  additional  interferences,  has  been 
replaced  by  a  cooson  external  circuit  of  power  supply  of  entire  decoding  snchanlssi 
fron  a  universal  power  source.  There  is  realised  a  separate  power  supply  of  anode 
circuit  of  the  fondng  cascade  and  unit  of  binary  cells. 

This  is  caused  by  the  fact  that  the  oscillation  of  power  supply  voltage  in 
the  forming  cascade  during  unlocking  and  cutoff  of  its  tubes  is  inadsdssible  at 
the  level  of  unit  of  binary  cells  in  the  anode  circuits.  The  variable  ooBq)oiisnt 
idiich  proceeds  to  the  anode  of  block  of  binary  cells  is  extinguished  by  the 
resistance  at  the  entry  point  of  anode. 

In  an  operating  circuit  the  power  supply  of  the  sensing  element  is  separated 
fron  the  circuit  of  the  decoding  devices;  the  input  is  sKMiified:  the  pulse  tfi^per 
(neon  tube)  is  disconnected  from  regulating  Input  cathode  resistor  and  connected 
to  anode  L^.  At  entry  of  first  trlode  there  is  introduced  a  grid  separation 
condensor  with  the  resistance  of  leakage  which  stabilises  the  regies  of  first  tube, 
since  to  it  there  does  not  apply  the  constant  component  proceeding  from  photo- 
resistor  of  the  sensing  elmesnt.  Actually  the  adJustsMOt  of  voltage  fbr  the 
illtsdnator  becomes  unneoessary.  Illuminator  in  the  operating  circuit  works  in 
wide  range  of  voltages  (12—26  v). 


II 


The  registration  of  a  ooderate  wind  speed  is  realised  by  the  pulse  marks  that 
is  by  the  point  method  —  according  to  the  nunber  of  points  or  marks  of  respective 
pulses  per  unit  of  time  (per  unit  length  of  the  recording  tape).  The  selection  of 
such  a  type  of  records  is  stipulated  by  the  simplicity  of  its  design,  manufacture 
and  utilisation  and  by  the  possibility  of  synchronous  (composite)  registrations  on 
the  basis  of  the  point  marks  made  from  several  sensing  elements  (at  various  levels). 

In  addition,  with  a  change  in  the  rate  of  unwinding  of  recording  tape  it  is 
possible  to  alter  the  "sensitivity"  of  the  registration  (to  alter  the  number  of 
points  per  unit  length  of  recording  tape  or  graph). 

The  range  of  measurement  of  wind  speed  by  a  photopulse  anemograph  (from  0.3 
to  40  m/sec)  from  below  la  limited  by  the  sensitivity  of  the  sensing  units  and  its 
limit  corresponds  to  the  possible  maximum  wind  speed  in  the  vicinity  of  the  high 
tower. 

Errors  of  measurement  of  the  described  circuits,  are  determined  by  the  dispersion 
of  points  from  the  straight  line  n  »  f  (U),  at  U^IO  m/sec  constitute  0.3  m/sec; 
at  U^20  0.5  m/sec;  at  U  ^40  m/sec  —  1.0  m/sec. 

From  a  series  of  more  than  300  measurements  with  tennsinute  Interval  averagings 
made  by  I\i.  A.  Kurpakov  et  al.  with  the  sensing  units  of  photopulse  anesiograph, 
operating  on  tower  it  is  found  that  all  Masuresmnts,  presented  in  relative  values 

-  lAere  n  is  the  total  number  of  ten-minute  series  of  measurements  d  n  is  the 
n  '  - 

ntmiber  of  series,  during  the  cozresponding  interval  which  must  be  errors  of  measure¬ 
ment  of  wind  speed  are  contained  in  ±  5%  ot  errors  of  measurement  of  wind  speed 
dU  ,  where  dU  is  deviation  of  values  of  wind  speed  according  tc  measurements 
by  individual  sensing  units  from  average  speed  of  wind  U,  determined  by  the  read¬ 
ings  of  a  group  of  sensing  units  (Pig.  7).  The  indicated  errors  (JJ£)  depending  on 

U 

wind  speed  do  not  go  beyond  the  limit  of  near  threshold  of  sensitivity  of 
sensing  unit  and  constitute  less  than  2$  during  wind  speeds  of  more  than  2 
(Fig.  8). 


The  chief  merits  of  the  adopted  toheme  of  photopmlee  anemograph  are:  a) 
stability  of  the  calibration  cnrve  and  small  threshold  of  sensitivity  (0.3->-0.5 
n/sec);  b)  absence  of  unreliable  and  unstable  electromechanical  relays  and  electro¬ 
magnetic  high-resolution  counters  over  a  long  period  of  operationi  c)  application 
of  electronic  reduction  of  pulses  of  sensing  units  which  makes  it  possible  in  wide 
range  to  alter  their  sensitivity)  it  is  possible  also  to  alter  the  "sensitivity”  of 
the  recording  (to  vary  the  mmber  of  points  per  unit  of  length  of  recording  tape 
or  trace)  with  a  change  in  rate  of  unrolling  the  tape  (or  trace  paper);  d)  the 
possibility  of  a  synchronous  and  composite  recording  of  wind  speed  on  relay  recorder 
on  the  principle  of  point  marics  from  all  levels  of  the  layer  of  atmosphere  under 


^  Heasuresmnt  and  registration  of  wind 

Pig.  7.  Relationship  between 

the  relative  tmbn  ten-minute  direction  are  made  in  the  complex  of  the 

series  of  measurements  .4lL  and 

n  hl^  tower  by  scheme  of  oos-dlmsoslonal 

relative  errors  of  msssursment 
of  speed  of  wind  ±  . 


rinmtegraph.  An  operating  one  dimensional 


rhtnbograph  consists  of  receiver,  the  sensitive  elenent  of  which,  according  to  S. 

T.  Mashkova's  idea  is  a  conpass-card  adopted  with  converter  rheochord  (R  <■  19  ohn), 
and  recorder  a  single-channel  recorder  MS-103 . 

As  the  basis  of  the  operation  of  circuit  there  is  placed  the  bridge  (zero) 
aethod  of  measuring  the  resistance  of  rheochord,  which  is  found  in  a  definite 
dependence  on  the  angular  nounting  of  the  compass  card.  Fundamental  circuit  of 
one-disMnsional  rhusibograph  (Fig.  9)  is  a  single  automatic  balanced  bridge  of 
resistances,  to  one  of  arms  of  which  is  connected  the  operating  rheochord-converter. 
In  this  circuit  there  is  Included  a  themocompensation  of  the  leads. 


n  ^  8^ 

Fig.  9.  Fundamental  circuit  of  one-dimensional  "rhunbograph**. 

In  the  circuit  the  following  designations  have  been  adopted.  is  converter 

of  sensing  tmit  of  wind  direction;  R2»  R^,  Rq  are  the  resistances  of  arms  of 
bridge;  is  the  resistance,  employed  for  limiting  the  cuxrent  of  measuring 
circuit)  is  the  shunt  of  rheochord  for  adjusting  its  resistance  to  the  standard 
magnitude  90  cm;  ^  n  ^  resistance  for  adjxxsting  the  resistance  of  rheochord  to 
a  magnitude,  corresponding  given  limit  of  the  measurement;  r^,  r^  are  resistances 
for  adjusting  the  limit  of  measureewnt  of  instnawnt. 


With  a  change  in  Donnting  the  conpaee  card  this  also  aeans  positions  of  contact 
rheochord,  change  and  its  resistance  Bp  varies;  here  there  is  distxirbed  the  eqoili- 
briian  of  the  point.  In  oieasuring  diagonal  AB  of  the  bridge  there  appeara  a  voltage, 
which  is  strengthened  bj  electronic  amplifier  to  a  magnitude,  sufficient  for 
activating  a  reversible  motor.  Rotor  of  motor,  in  being  rotated,  shifts  the  slide 
6  along  the  rheochord  up  to  moewnt  of  occurrence  of  bridge  equilibria.  Bj  a 
transmitting  system  with  rheochord  slide  the  carriage  of  recording  instrument  is 
connected  with  the  pen.  Simultaneously  with  a  shifting  of  the  slide 
along  the  rheochord  along  a  scale,  graduated  in  angular  degrees  from  0  to  360*, 
the  indicator  shifts  with  the  pen  of  the  cax*rlage.  Pbr  each  magnitude  of  the 
mounting  of  compass>card  there  corresponds  a  definite  value  of  resistance  of 
rheochord  and  consequently  also  a  definite  position  of  the  rheochord  slide  and  the 
indicator  and  pen  of  carriage  connected  with  It;  the  pen  traces  on  the  diagresmsed 
tape  a  ctirve  of  change  of  mounting  of  compass^card .  The  unwinding  of  the  dlagraaned 
tape  is  realised  by  the  synchronous  motor  SD  of  the  recording  instrument. 

Control  of  adjustment  of  instnawnt  (by  operating  current)  is  realised  by 
short^oircxilting  of  line  of  converters  by  pushbutton  K  with  simultaneous  shunting 
of  arm  with  a  resistance  Rk,  selected  in  such  a  way  that  the  indicator  of  instrvmwnt 
here  is  set  at  the  initial  smrk  of  scale. 

The  accuracy  of  measureswnt  of  wind  direction  in  the  sehssM  of  a  one-dimensional 
rhiaabograph  is  5  to  10*.  Pbr  registration  of  two-dlsmnsional  measurement  of  wind 
direction  Te.  L  Tsitsurin,  N.  G.  Fayitshteyn,  the  author  et  al.  developed  a 
birhuibograph  circuit. 

Fundamental  circuit  of  a  birhuebograph  (Fig.  10)  ctmsists  of  two-dimensional 
sensing  unit  direction  (double  vane),  selsyn  tracking  circuit,  realised  in  trans¬ 
former  method  with  amplifying,  feedback  circuits,  a  converter  for  f  •  400  c/s,  a 
unit  with  power  supply  and  recorder  combined  with  recording  trace  of  wind  direetlon 
component. 


// 


Pi^.  10.  I\ind— nt»I  circuit  ^irftmbogr^^*'  (aMsurlng  and 
recording  block). 

Bn  —  Fxnmr  tuj^xLjr  unit|  np—  conTtrtori  D. —  tlidai'^  — 
aiplifiari  p2»  P3  —  ?*»»»•  vindingo)  Cj^,  C2,  C3  — 

axcltatlcni  windingo. 


Tba  Mnsiag  unit  of  two-diactuiim&l  wind  diroction  —  th«  doubl*  ran*  is  a 
balaaead  rod  with  annolar  atabiliMr,  fraol/  oaciUating  around  cmtar  of  aquili<' 
briw  in  wvrtical  and  horiaontal  plana# . 

fixation  of  position  of  dotddl#  ran#  raaliaad  bj  aalsTn  connaction,  nakaa  it 
poaaibla  to  datanaina  tha  horiaontal  and  wartieal  anglaa  of  ractor  of  apaad  and  by 
tha  ioBOwe  valoao  of  anglaa  and  of  apaad  V  to  ealeulata  tha  coaponanta  of  tha  apaad. 


/6 


Longitudinal : 


transTorae : 


a  —  1/  cos  a  cos  fi. 


y  «  1/  cos  0  sin  a, 


vertical : 


w  »  V  sin  p. 

Here  a  ia  the  deviation  of  horiaontal  component  of  apeed  vector  of  flow  from  the 
direction,  taken  in  the  horiaontal  pl^ne  for  the  longitudinal;  P  ia  the  angle 
between  vector  V  and  the  horiaontal  plane 


V'- 

C05  3 

The  magnltxjde  of  hor'<'"'ntal  vector  ^  ^  determined  by  an  anemoaieter. 

Vertical  movement  of  the  double  vane  ia  limited  to  anglea  of  +  40*  (with  an 
accuracy  of  3  to  5*),  which  are  the  practically  obaervable  laaxinum  deviationa  of 
the  flow  from  horiaontal  (including  deviation  along  vertical  from  balanced  poaition 
by  2  to  3*  and  the  displacing  of  aelsyn-senaing  units  and  selsyrv-i^eivera  by  1  to 
2®).  Its  horiaontal  displacement  is  aasxmted  to  be  id-thin  the  limits  of  0— 360** 
Coefficients  of  attenuation  of  the  horiaontal  and  verticei  movement  of  double 
vane  with  annular  stabiliser  can  be  determined  from  empirical  exprweelons  [79]: 

X,  -  Xr  =3  ar(/  •  Period  of  attenuation  (in  aec)  will  be  expressed  aa: 

T  -  K/U.  The  constants  Or  -uid  K  are  determined  from  experience. 

If  the  movement  of  the  double  vane  in  the  flow  is  described  by  the  expression 
«  .  t  $  then  for  the  vertical  and  horiaontad  movesMinta  of  double 

vane  the  corresponding  express  ions  are  pressnted  In  the  of 


*Mr  =  *  cos  y  /. 

•her  ^  T  ' 


Forces,  adequate  for  siiraounting  friction  and  forces  irestorlng  neutral  position 
of  double  vane  in  flow  during  its  deviation  generate  with  a  wind  speed  of  0.3**-^* 5 
m/sec.  Ibis  wind  speed  is  the  threshold  for  a  "birhtBibograph".  For  each  of  the 
directions  there  is  a  follow-up  STSten. 

As  recorder  there  is  used  a  niniature  bridge  of  tTpe  M^l,  in  which  there  is 
B»unted  two  selsyn-reccivers,  follow-up  systeajs  of  vertical  and  horisontal  deviations 
of  the  double  vanes,  corresponding  amplifiers,  reversible  motors  and  a  converter 
cooinon  for  both  circuits. 

The  recording  trace  of  the  horizontal  and  vertical  deviations  of  the  double 
vane  is  realised  sjnchronously  and  combined  on  one  tape. 

The  rate  of  unwinding  of  tape  in  recorder  depending  on  the  adopted 
averaging  of  double  vane  deviations  on  recording  trace  and  the  re8olvabilit7  of 
signal  marks  on  the  tape  can  be  established  from  120  to  5000  sn/Sr. 

The  chief  merits  of  the  devised  ’’birhumbograph"  circuit  are  the  two-dimensional 
registration  of  the  wind  speed,  the  low  threshold  wind  speed  of  --0.3--0,5  m/sec, 
application  of  follow-up  system  with  mag-slipe,  a  synchronous  and  composite  re- 
ccrding  trace  of  the  measurements  on  recording  instrument. 


Measurement  of  Average  Temperature  and  Difference 
Between  (GradiTOts)  Tmaperatures  in  the  Layer 


Measurement  and  registration  of  temperature  and  the  difference  (gradients) 
between  temperatures  in  the  layer  is  realised  by  an  automatic  resmte-control 
"thennogradientograph",  the  fundamental  circuit  and  operating  model  of  which  L.  G. 
Kach\u*in,  B.  Ta.  Tolstcbrov,  N.  S.  Talynichev  and  V.  M.  Ushakov  [2d]  developed. 

The  circuit  of  the  thermogradientograph  (Pig.  11)  consists  of  sensing  units, 
the  sensitive  elements  of  which  are  resistance  copper  thenDometers(R  •  220  ohm), 
a  relay  switch  of  series  connections  of  differential  and  complex  bridges,  composed 
of  thermistors,  and  a  multipoint  indicator  of  equilibrium  (recorder),  onto  which 
the  corresponding  voltages  of  the  unbalance  are  given. 


In  th«  Adopted  smalRg  unit  with  «  nonfTMwd  r«tlst«no«  copper  th«nMMt«r 
ther*  1»  •li«inAt«d  th«  t«nMwit«rie  faj  which  there  it  atteined  a  greet 

stebility  of  its  celibretion  curve. 

Coefficient  of  ttiexval  inertia  of  sensing  mit  in  the  circuit  of  the 
’’thernogradientograph'*  aacunts  to  Xai48  sec.  Significantly  lesser  tiae  constant 
(X  »  1.^2  sec)  is  possessed  by  thezvoelectrie  converter  <—  thezvocouple,  the  use 
of  which  thin  wires  virtually  excludes  the  radiation  error,  but  greatly  cce^ilioatas 
the  circuit  of  asiplifying  of  signals,  especially  during  their  trensaission  at  great 
distances . 

It  oust  be  borne  in  Bind  [14],  that  the  taaperature  of  surface  of  the  cap  of 
resistance  thensesMter  over  its  length  varies,  its  sdnianai  deviation  fbea  the 
readings  of  standard  thenBOEBetsr  is  recorded  in  middle  of  the  cap  of  resistance 
thensoneter  and  increases  to  point  of  bracing  of  resistance  thensosster  In  sensing 
unit  and  the  outlet  leads  in  the  external  circuit. 

Radiation  balance  of  surface  of  the  sensitive  eloMnt  of  sensing  unit  reduces 
to  a  rinlanat  owing  to  the  introduced  in  its  dssign  double,  and  than  triple  radiation 
shields  and  owing  to  the  aspiration  of  air  between  sensitive  elssMmt  end  internal 
shield  of  sensing  unit,  and  also  internal  end  exteiml  shielding  conducts*  To  this 
(laaxiBnai  reflsction  of  solar  and  thsmal  bosns)  there  corresponds  the  polishing 
(nickel-plsting)  of  the  shielded  surface  of  sensitive  elwants. 

The  recoxder  in  the  schene  of  the  "therBOgradisntograph"  represents  sa 
electronic  recording  Instnawnt  EPP-09N1  with  a  schMe  for  raeordlng  one-half  of 
the  sun  of  teiqMiratures  at  upper  and  lower  liaits  of  the  layer  (half-suM)  (average 
taaperature  of  Isyer  between  operating  levsls  of  tcfwer)  and  diffsrsnos  bsiwaan  ths 
tenperatures  at  uppsr  and  lower  Units  of  thsss  layers.  Ths  recording  is  rsalistd 
by  the  ordinate  aethod  (on  an  ordinate,  read  off  fttsa  an  indspsndsnt  bass  Has, 
thsre  is  dstsrained  ths  valiie  of  paroMter). 

Ths  entirs  BsasurssNnt  cycls  of  ths  half-stBM  and  diffsreness  bstwesn 


tmptrativM  in  th*  aotim  layw  trca  2  to  315  »,  i.o.,  interval  of  tiae  between 
recorder  Barke  of  one  end  the  eeat  pereaeter  bj  the  printing  aechanin  of  the 
recorder,  ia  realised  in  a  period  of  two  ■limtee.  Depending  upon  the  range  of 
meaturomits  the  8eoaitirlt3r  during  recording  of  the  tonperature  aaounts  to  6  to 
11  as  per  degree  and  daring  recording  of  tcaqperature  gradient  to  46  to  92  bb  per 
degree. 


Fig.  U.  FondMmtal  circuit  of  ’*thei«ogradientograph”  (Maeuring  and 

registering  block). 

KETt  (a)  SpeoiMn  of  recording. 


Tha  variation  in  aansltivlty  of  cireuit  of  "thansogradimtograph”  is  mada  for 
tha  diffarantial  brldga  Iqr  tha  siriteh  and  for  tha  conplax  by  sadtch  ^2* 
ehanga  of  aanaitlvity  can  ba  raalisad  also  bj  varying  tha  rangaa  of  naasursmant  by 
a  corraaponding  aalaction  of  rasiataneaa  of  tha  circvit  ^  ^  ^ 

its  ahuntingi  by  connaetlng  tha  raaiataaea  H^Q^at  catara. 

Tha  variation  wf  rangaa  of  naasuraawnt  ia  raalisad  by  shunting  by  tha  switch 


Tha  connection  of  measuring  circuits  to  tha  recorder  is  raalisad  by  a  relay 
switch,  operating  from  a  power  motor.  Here  in  series  there  are  connected  the 
differential  ^  complex  bridges  and  onto  the  recorder  there  are  given  corresponding 
voltages  of  the  unbalance. 

The  variable  resistance  of  the  contact  mechanism  of  relay  of  layered  switch 
of  sensing  units  at  the  levels  hi,  (i  =  1 ,  2,  3. . . .)  is  connected  not  to  circuit 
of  bridge  (bridge  here  is  closed),  but  into  external  circuit  with  resistance 
R  ■  2«1(P  ohm.  Hence, 


idR)^^,  -  =  2  - 10*.4.25. 10-»  =  S.Sabm.deg-',  «  =  4,25  - 1  O'*  deg 

and  tha  arror  i  to  variabla  rasistanca  during  variation  of  rw£^iatanca  of  contact 

mechanism  [46]:  dRg^p  *  0.03  to  0.05  ohm  (and  with  contamdnatlon  of  points  of 

contact  0.1  ohm)  will  constitute: 

0.0 _ 

6,S 


dR. 


«/?.«  =  *0,003^-0,006*. 


As  the  basis  of  principle  of  measuring  and  regiataring  tha  average  tamparature 
and  tha  temperature  gradients  in  the  layer  there  is  posed  the  aero  method  of 
measurement  that  is  a  condition  o..  aero  balance  of  bridge  [23]: 


^%+2  *4.+1%+3» 

In  tha  circidt  of  smaauring  tha  temperature  gradients  tha  copper  wire  riK 
sistancas  of  tha  diffarantlal  bridge  (R^  —  R2  >  R3  R4)  comprise  the  sanaitive 
aleamnts  at  tha  levels  I(R^,  R3)  and  n(R2,  R4),  in  layer  between  which  is  measured 
tha  difference  between  tha  temparaturea  M  — d/  ;  hare  a  ladder  network  of 
manganln  reoiatancea  R^  — •  R^  »<»  is  tha  shunting. 


ConMcting  iMds  of  the  cix*c\iit  —  R2  »  R3  *— >  introduced  respeetivelj 

to  each  an  uhleh  excludes  their  influence  on  operation  circuit and  there  is  no 
necessitj  of  ocaqsensation  leads. 

In  the  circuit  for  asasuring  the  average  tenperature  d  «  +  ^,)/2 

—  R^  is  an  am  (an  equivalent  ^wa)  of  the 

cosqplsx  bridge  Rmn  —  R^  —  R^  •—  R.^. 

In  the  circuit  of  tlM  cosiplex  bridge  at  R]^  R2  **  R3  *  R/^  the  equivalent 
resistance  will  be  detemined  as  follows: 

1  ,  1  _  2 _ 

•  /  Ri+R*  “  Ri  -r  p/ 

During 

Rwm  -  (/?!  +  ^*1^* 
p,  =  Pod  + 

Ri  -  Ro(l  +  a^) 


differential  toldge  R^  —  R^ 


we  have 


i.e.j  bsr  the  circuit  of  coaplex  bridge  actually  there  is  aeasured  the  half-suns  of 
tenperatures  at  tlM  two  levels  (in  layer). 

If  temperature  of  the  lower  sensing  unit  is  ^  and  the  upper  then  in 

the  circuit  of  differential  bridge  the  ratio  between  regtilated  resistances  r^,  r^ 
is  deteadaed  fay  difference  of  tenperatures  at  levels  I  and  II  [24]: 

ddi- II  “  ^  —  dn  “  f  • 

Fbaitlon  of  the  slide  0  at  A(h-ii'f  0  depends  on  ^i;  ^{rjr%)  -  F(di)  .  This  is  a 
weak  ratio,  faut  it  is  considered  in  constructing  the  scale  of  the  "gradientograph". 

In  eireuit  of  ccaplax  bridge  the  ratio  r^r^,  and  consequmtly,  the  poeition 
of  the  slide  D  is  expUcity  detemined  fay  the  half-siai  of  the  teaperatures  of  the 
sensing  snit  at  the  levels: 

(«r  +  'li  - 

The  signal  of  the  inbalance  in  asksuring  diagonal  of  tn'idge  during  aeasureaent 
of  d  and  dd  is  e^dified  fay  an  electronic  aaplifier  EU  in  series  by  voltage  and  by 


powvr  and  procaada  to  tha  actuating  rc^x  of  tha  ravarsibla  notor  RD,  kinawitleallT' 
connaetad  with  allda  contact  (allda)  D  of  rhaochord  Tg/r^.  By  rotating  In  aithar 
direction  depending  on  tha  phase  (polarity)  of  initial  signal,  tha  ravarsibla  siotor 
RD  shifts  tha  slide  contact  of  rhaochord  rg/r^  up  to  compensating  of  tha  aaasuring 
circultj  hare  the  signal,  in  being  waakanad,  bacomas  equal  to  saro«  Tha  slide  of 
rhaochord  kinmaatically  cosibinad  with  carriage,  which  periodically  (every  5  to  10  see 
prints  on  perforated  paper  tape  marks  (points)  with  corresponding  nuiri>ar  of  para¬ 
meter  being  measured.  These  maizes  fix  tha  position  of  aquilibriiSB  of  slide  contact 
of  rhaochord. 

For  control  in  tha  schsma  of  tha^tharmogradiantograph"  thara  is  Introduoad  a 
constant  bridge  fbr  installation  (adjustment)  of  tha  working  current  of  tha  power 
battery  Bjj  —  an  Independent  sMasuring  bridge,  replaced  by  an  equivalent  resistance 
Ry .  The  resistance  of  iheochord  disconneeted  from  the  circuit  of  recording  in- 
etrvmiant  and  connected  to  the  shunting  networit  Rg  —  D(rg/r^)  —  R^  of  the  measuring 
circuit  as  a  divisor  of  the  resistance  (voltage  0  (rg/r^)* 

Switching  of  electronic  amplifier  EU  and  power  supply  battery  BI  with  the 
measuring  circuit  into  the  circuit  of  adjustawnt  of  tha  working  current  and  con¬ 
versely  is  realised  by  a  periodic  relay  group  from  the  power  motor  by  means  of  a 
cm  tran»lsoion.  In  connecting  the  circuit  of  adjustment  of  the  working  current 
there  occurs  its  automatic  control  by  comparing  valiMs  of  tha  voltage  drop  in  the 
resistance  Rt  (•«»)  and  the  E.S.U.  of  the  normal  elmaent  (•«) ,  which  are  equal  to 
each  other,  if  tha  woxidng  current  in  the  measuring  "bridge"  is  properly  established. 
If  i*a<>  the  working  current  is  incorrectly  established  a  signal  proceeds 

to  the  alectrcmic  amplifier,  the  signal  oosqmls  reversible  motor  RO  to  revolve  in 
a  direction,  corresponding  to  tha  polarity  of  signal.  Simultaneously  by  the 
klMmatie  oonnectlon  RO  with  the  slide  of  riMOstat,  whidt  regulates  tha  working 
current  by  tha  slide  of  rhaochord  D  (r^r^)  and  carriage  K  their  oorreapondlni  shift 
up  to  the  establishment  of  wozidng  current  at  required  value  is  realised.  According 
to  the  establishment  of  working  current  to  corresponding  switching  of  the  relay 


group,  the  schone  rMichet  e  poeltlon,  corresponding  to  the  value  of  the  measured 
magnitude. 

In  the  schcne  of  "themogradlentograph'*  a  manual  setting  of  the  working  current 
is  provided  for.  Its  aecuracy  is  determined  bj  errors  of  the  nonnal  elesient,  re¬ 
sistance  of  the  operating  circuit  and  the  sensitivity  of  the  sero  indicator.  In 
overloading  the  noimal  element  hy  a  current  more  than  one  microampere  under  room 
conditions  the  error  in  the  E.S.U.  developed  by  it  according  to  [543  does  not 
exceed  +  0.01^.  In  general  the  acctiracy  of  the  measurement  by  an  equilibritmi 
bridge  can  be  reduced  to  +  0.01—0.02^. 

The  adopted  paired  spacing  of  actuating  arms  of  bridge  in  the  scheme  of  the 
"thexmogradientograph"  according  to  levels  of  measurement  (Fig.  12)  makes  it 
possible  to  increase  the  sensitivity  of  circuit  in  comparison  %rith  the  cosnon 
spacing  of  the  two  actuating  bridge  aims  in  the  measuring  circuits  of  "gradlento- 
graphs”  by  levels. 

In  a  circuit  with  single  spacing  the  sensing  units  by  levels,  for  example, 
at  %  *  110  ohm,  R2  ■  115  ohm,  H3  ■  -  100  ohm  the  ''gradient”  difference 

A<h-n  *”  owing  to  the  difference  in  temperature  at  levels  of  measurement 

causes  an  Inbalancet  R]^R^  ->4  (UO  •  100  115  •  100),  ie  proportional  to 

AR  ~  ^  ^  circuit  with  the  spacing  in  pairs  the  ''gradient'* 

difference  between  the  same  levels  at  R^^  «  R^  ■>  110  ohm,  R2  *  \  causes  a 

greater  (intensified)  inbalance;  R^R^  ^  R2R4  (110  .  UO  f  115  •  US)  which  is 
proportional  to  2AR  2(R2  —  R^^)  ■■  10  ohm.  But  a  large  inbalance  of  a  circuit  with 
spacing  in  pairs  causes  a  greater  shift  of  the  indicator  in  comparison  with  the 
inbalanoe  of  circuit  with  single  spacing  with  one  and  the  same  difference  of 
tes^ratures  between  levels  I  and  11  "^^eingle^*  •*** 

same  differenceA^.n  -  -*<hi  sensitivity  of  the  circuit  with  spacing  in  pairs 

is  greater  in  comparison  with  the  sensitivity  of  clrctiit  with  a  single  spacing. 


Fig.  12.  Circuit  of  spAcIng  sensors  by  levels. 

I,  II  —  levels 

KEY:  (e)  Reedlngs)  (b)A^  single)  (c)A^ 
paired)  (d)  Electronic  sapllfier. 

For  practical  ellnination  of  error  of  measuring  inbalance  of  operating  (arm) 
resistances  of  bridge  owing  to  their  nominal  differences  during  a  change 

in  temiMrature  these  resistances  are  aastned  close  with  an  accuracy  0.05  oim. 

With  a  strict  realisation  of  a  bridge  balanr  with  a  tolerance  IR  ■  0,05  ohm 
there  is  realised  the  approximate  equillbritn: 

(Rl  +  0.05)  (R3  +  0.05).^? 

i.e.y  the  Inbalance  (at  R  >■  220  ohm)  la  insignificant. 

The  adopted  tolerance  of  0.05  ohm  at  (dR)^}^  «  2*  ■  8.5  ohm  corresponds  to  an 
error  SR  >■  0.05  *  l/&*5  *  0.01*,  that  is,  it  does  not  exceed  the  limits  of  adopted 
accuracy  of  measuring  the  difference  (-^  0.03*)  and  the  halfsmss  (^Jt  0.1*) 

of  toBper'ature  in  the  layer. 

The  bridge  resistances  are  selected  close  within  the  limits  of  the  adopted 
tolerance  SR  *  0.05  ohm  fbr  the  entire  range  of  temperatures  being  measured^  fbr 
which  there  are  selected  resiatancee  with  coinciding  eharaotariatioa  Rj[  **  (8^) 

in  the  range  of  t«t)»nture8  from  —40  to  -t  40*C  end  with  the  differeoee  of  their 
reeistancet  at  extreme  jaoints  (—40  and  4C*)  to  1  Fbr  this  pwrpoai  the 

bridge  (uaaauring)  resistances  are  calibrated  at  many  points.  The  eorreepondli^ 


graphs  *r«  obtained  and  the  sensing  units  irith  approxiaate  (coinciding)  charac¬ 
teristics  are  selected. 

According  to  the  adopted  schesie  of  the"theiiiiogradientograph"  at  intermediate 
levels  there  located  paired  resistances  theracmeters  which  makes  it  possible  to 
conduct  control  of  neasurements  of  one  of  them  by  the  other. 

According  to  measuresMuits,  for  exuiple,  in  layer  I— II  there  are  determined 
the  mean  value  of  temperature  in  this  layer  dj...!!  «  (  +  ^ii)/2  and  difference 

of  temperature  in  this  layer  Adi— n  “  ^*1-^11  values  dj  and  <>II. 

Prcm  the  measurements  in  the  layer  II— III  there  are  determined 
^II— III  -  (  dri  +  dm)  /2  and  4dn— m  -  ^II  -  dill  and  correspondingly 
*^11,  ^III;  here  ^  and  d^  (with  asterisk  and  without  asterisk)  are  the  tempera¬ 
tures  on  one  level,  detemiimd  from  cdjaeent  independent  circuits. 

The  control  is  realised  by  comparing  the  values  d{i  and  >^11  et  cetera, 
that  is  the  temperature  at  a  level  can  be  obtained  from  the  readings  two  independent 
bridges  which  makes  it  possible  to  control  accuracy  and  to  determine  discrepancy 
of  nsasuremsnts  A  /(t)  (  ^  —time),  iddch  develops  with  time  owing  to  the 

agii^  of  resistance  thermometers  and  must  not  exceed  the  limits  of  accuracy  of 
msasuremmnt. 

The  determination  of  discrepancy  is  made  as  follows: 

In  the  layer  I  — 11:  (d!  +  dii)/2«^  >4.1  in  the  layer 

i  n-IU:(d;t  +  dui)/2-^^\ 

dn— ' 

at  the  level  H;  «  4  —  fl/2;  dli  -  C  +  i>/2.  where  ABCD  —are  the  measured  values, 
diser^imaoy  is  determined  from  the  expression 
A-d|i-d;f-(/4-C)-(fl  +  D)/2. 

The  variation  in  the  discrepancy  of  readings  of  adjacent  sensing  units  of 
independent  schemas  occurs  for  various  reasons,  the  chief  of  ^aiieh  are  the 
following t  agiag  of  piece  parts  of  inatnasnts  (in  particular  the  thermistors), 
nonsystsmatic  errors  of  apparatus,  which  are  reflected  in  various  ways  by  readings 


of  uppor  and  lonar  Btaauring  toidgaa,  tha  iMfting  in  tljw  (nonay'ehroniiatian)  of 
recording  traces  of  ■eaeurwente,  and  also  errorSf  associated  with  ■icroosciU*- 
tics^  of  the  air  teaperature  or  in  processing  the  results  of  neasureasnts  et  cetera. 

As  the  piece  parts  becoae  older  the  nagnitude  of  the  discrepancj  ^  should 

;  approach  a  constant  iralus.  Its  oscillations  nost  persist  in  idiich  the  deviations 
of  A  Aron  the  average  should  be  saaller  the  greater  is  the  interval  of  the  aver> 
aging  of  the  results  of  the  aeasureaonts. 

A  disorepancj  detemined  fron  the  discuseion  above  involves  errors  of  neasure- 
aent  of  the  average  teeperature  of  layer  I— II  and  adjacent  layer  II<— III 

(60, .  „  -  0  2°;  60n  -  ni  -0,2°)  and  of  errors  of  neasureaent  of  differences  of  tea|>- 
erature  in  these  layers  (AAdi-n  -  0.05°;  6A<hi-iii  -  b,05°) »  i.e.,  A60i_ii  + 

+  A6dn-in  +  6Adi-u  +  6Adii_in  —  0,5° . 

An  analysis  of  variation  of  the  discrepancy,  aade  on  the  basis  of  aeasureaents 
on  the  high  tower  and  by  other  aeasureaents,  shows  the  dependence  of  its  variation 
on  conditions  of  power  supply  of  the  circuits  of  the  wind  speed  (acre  precisely  — 
pulsations  of  wind)  et.  al.  A  good  variation  of  the  diecrepaacy  is  observed  with 
a  fixed  power  supply  for  the  schases  and  under  stable  conditions  in  ataoephere,  in 
which  also  there  should  be  aade  a  cheeking  of  the  soheass  for  diserepanoies. 

For  a  resistance  thensasster  in  a  bridge  circuit  froa  a  ecaaon  solution  of  the 
teaperature  funetiont  and  equilibriua  conditions.  R*Ri  ^  i  **  RtRt  > : 

there  it  is  calculated  c  »  -  in  —  —the  teaperature  of  sensing  unit  or  the 
equivalent  resistance  which  is  used  in  calibrating  and  ehecklag  the  asaewlng. 
CalibratiM)  sad  dieckiag  of  the  "theiaogrediaitograph''  oan  be  realise*^  both  by  the 
indicated  aethods  of  diecrepaacy  and  eqalvalent  reelstaacee,  and  alec  by  the 
aethod  of  reference  peliite  by  the  tberaoetatic  control  of  the  reeistaaac  theiao- 
peters. 

um  the  high  tower  the  atilised  snhaw  of  the  "thenagradleatografli'*  has  boas 

I  deeigaed  for  asaeariag  tha  average  teaperature  and  differease  hetwesn  twpsrstwris 

> 

i 

^  9n 


In  th«  la;rir,  in  a  range  fMi  <—45  to  H5*C. 

Proi  •xperlence  In  wing  the  "theivogredientogreph"  V.  D.  Andrejev,  7.  S. 
Storoihko,  B.  P.  ZotoT  end  the  author  introduced  in  ite  deelgn  and  operating 
ichoM  certain  changes. 

As,  the  spaced  sensing  units  in  the  fonwr  circuit  trith  the  actuating  aias  of 
adjacent  lajere  are  ccabined  in  a  cosBon  sheet  with  ccason  aspiration}  here  the 
■ain  aras  of  coaplex  bridge  (R^,  R^,  R.^)  extending  out  froa  the  sensing  unit  to 
the  indirldual  unit.  The  design  of  the  sensing  unit  was  realised  so  that  its 
sensitire  elcBent  can  without  disasseahling  of  sensor  unit  be  checked  bj  the 
reference  points  in  the  theraostat. 

The  relax  c<maectlcm  of  the  sensing  units  to  the  recorders  is  redwed  to  a 
unit  Ml  the  panel  with  the  coBKm  power  supplj  for  it. 

For  reliability  of  operation  of  the  relay  switching  aechanisas  there  are 
Installed  relays  with  platinua  contacts  ''.A  there  is  introduced  laidnous  indication 
of  the  eooBections  of  the  circuits. 

The  aspiratioe  of  sensing  units  is  shifted  to  a  loie>roltage  supply  (24  ▼) 
which  is  essential  froa  the  point  of  riew  safety  of  operations  on  aetallic  structures 

There  is  introduced  a  cosskmi  shuntii^  resistance  for  all  layers  for  ranges  in 
aeasurlng  teaperature  differences  of  ±  1.5  and  ±  3.0*. 

For  the  themoccapensation  the  resistances  are  aade  of  eopptr  and  are  extsiided 
to  the  seasing  units  under  identical  conditions  with  thai.  This  creates  a  partial 
thensoceapensation  in  corresponding  branches  of  the  aeasuring  bridge. 

Zero  of  teaperature  scales  with  adjusted  resistances  is  reduced  to  a  single 
ordixate. 

The  outlet  resistances  of  the  aeasuring  seheaes  of  the  tes^rature  and 
teaperature  difference  are  equalised  and  matched  with  inisit  iapedanee  of  eorree- 
ponding  aqdifiere  of  the  recording  instnaaot. 

The  Bonitering  of  the  operetion  of  the  echsae  of  theraogredientograph  and  ite 


regulation  is  reduced  to  a  ccanon  panel.  Switching  of  circuits  Is  simplified  by 
i>6duclng  the  switching  to  one  coemton  switch. 

Merits  of  the  considered  schesM  of  thermogradlentograph  Include:  an  accuracy 
of  0.1  to  0.3® — in  measuring  the  temperature,  0.03  to  0.05® — In  measiirlng  the 
difference  between  temperatures;  the  possibility  of  a  direct  measurement  of  diff¬ 
erence  of  temperatxires;  absence  of  teneosieterlc  effect  In  the  sensing  units,  the 
closxire  of  measuring  bridges,  by  «dilch  there  Is  excluded  variable  resistances; 
compensation  of  connecting  leads  of  the  differential  bridge;  the  paired  spacing  of 
the  sensing  units  by  levels  which  Increases  sensitivity  of  circuit  In  comparison 
with  sensitivity  of  circuits  with  single  spacing  of  actuating  arms  —of  sensitive 
elements—  of  the  measuring  bridge;  developed  methodology  of  verifying  by  equiva¬ 
lents,  possibility  of  checking  by  reference  points  aiwl  monitoring  for  discrepancy 
of  readings  of  sensing  units  at  one  level  by  Independent  circuits. 

The  use  In  the  scheam  of  a  thermogradlentograph  of  resistance  thermometers 
with  a  hl^  resistance  (220  ohB)makes  it  possible  to  maintain  condition  of  balance 
with  deviations  of  the  resistances  from  a  nominal  value  with  a  tolerance  up  to 
0.05  or  soswwhat  higher  ohms  which  simplifies  the  requirements  for  tolerances  in 
sampling  resistances  of  adjacent  bridge  arms. 

The  Heaeuremsnt  and  Rejtlstratlon  of  Ihmddlty 

The  ^iparatus  for  measuring  huaddlty  In  300-meter  layer  of  atmosphere  on  a 
hl^  tower  ssist  satisfy  the  following  requirements:  prolonged  reliable  automatic 
operation,  stable  calibration,  stability  of  time  eonatant,  high  emnaltlvlty  to 
small  moisture  contente,  with  which  there  are  definite  difficulties  of  dletinguleh 
ing  vapors  in  the  air  in  pure  form,  the  measurement  of  hoaidlty  in  a  wide  range  of 
temperatures  from  ^  40*  to  — ^5*C  end  the  dleerimlnatlfln  of  the  phase  elate  of 
water  vapors  in  the  atmosphere. 

To  these  conditlone  t^  «re  do  not  idioUy  correspond  mieh  methods  of  meaeursment 
of  humidity  in  atmosphere,  as  payehrometric,  UMrmoeIeetrv>lytle,  ecrptional, 
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oixrufULcn;  tne  clt«f»polnt  nsthod,  mthod  of  thoroAl  conductivity  «nd  specific 
dielectric  capecitence  of  moistened  air  depending  upon  degree  of  its  humidity  et  al« 
Defects  of  the  indicated  methods  of  measuring  the  humidity  of  air  [55  j  limit 
the  possibility  of  their  application,  therefore  it  is  necessary  to  develop  and  to 
adopt  nev  methods  of  measuring  humidity  on  hi^-tcseers,  where  the  servicing  of  the 
apparatus  is  difficult  specially  the  sensing  units  on  projections  cut  from  the 
tower. 

A  prospective  method  of  measuring  hxanidity  of  air  is  radiation  (spectrum), 
based  on  dependence  of  degree  of  absorption  of  infrared  radiation  of  a  specific 
wave  length  on  the  humidity  of  investigated  gas  (infrared  hygrcoetry). 

The  essence  of  spectral  method  of  measurement  of  humidity, 
worked  out  in  reference  to  conditions  of  measuring  the  humidity  in  the  cos^lex  of  a 
high  toiper,  consists  in  the  following.  Ccosponents  of  atmospheric  air,  selectively 
absorbing  ths  solar  radiation,  are  water  vapors  and  carbon  dioxide.  The  exponential 
law  of  Lambert>-Bouguer  [41]  is 

/» =  , 

where  a  is  the  absorption  coefficient,  d  -->the  thickness  (mass  g  of  the  absorbing 
medium),  in  the  infrared  region  with  an  unresolved  structure  is  not  fulfilled, 
because  a  -  a(i,  •’")  "f  const,  <rhe  dependence  f(m)  (D  ■  i®  the  optical 

density),  corresponding  to  exponential  law  for  absorption  bands  of  water  vapors, 
according  co  calibration  [43  J  is  ncmlinear.  In  the  region  of  water  vapor  values 
in  the  atmosphere  with  the  nonresolution  of  structure  of  spectrum,  l.e  ,  with  a 
spectrosmter  band  width  (b),  significantly  exceeding  the  spectrum  resolution  of  the 
band  ^X.  the  exponential  law  is  not  fulfilled. 

The  use  of  the  exponential  law  in  this  case  stipulates  the  necessity  of 
introducing  an  effective  absorption  coefficient  {Km)- 
Optical  density  D  is  function  of  n  fn. 

D=  In  (/,//)  =  /(/(:♦;  m). 


Th*  Absorption  of  radiation  bj  wtor  v»pors  In  th«  iaf^wrod  rofion  with  an 
unrosolTod  strueture  of  tho  btnd  on  the  Asanaption  of  dlapArsion  fo»  of  tiio  Mnos, 
quMtitAtlvAly  is  AAtlsfACtcry  govonwd  by  tBpirioAl  Imr  of  tho  oquATA  root 
[34,65].  ^  =  1 -/,//  =  4Km, 

Mhoro  A  is  A  function  of  tho  Absorption,  a  is  tho  bass  of  wstor  vspors  in  invostl- 
gAtod  voluBio  of  Air,  k  io  tho  eonstont  boing  dotondned  during  calibrAtion  of  tho 
inotruaent,  doponding  on  width  of  spoetrun  intorvsl  rooolvod  by  tho  instrunonts  And 
of  conditions  of  tho  tonporsturo  oxpori&ont  And  totAl  Ataosphorie  prossuro, 

k  =-cVpTpI  KO/^o- 

Horo  Po'  P  And  d,,  ato  tho  proosuro  And  Air  teniporAturo  luidor  naniAl  conditions 
And  conditions  during  noAsuroissnts;  C  is  a  fACtor,  chtfsctorising  strueturo  of 
unrosolvod  spoctrun. 

The  rolation  k  *  f(p,  ^  )  is  dotominod  by  dopondonco  of  Absoorption  on  tho  lino 
width.  Tho  function  A  •*  f(B^^)  is  noAr Ijr  linoAr  [43]. 

According  to  [78],  A  f(d  and  tho  coarrosponding  corroction  will  attain 
2  to  5%. 

Absorption  bands  of  wator  vapor,  liquid  wator  and  ico  aro  soswwhAt  diaplaeod 
ovor  tho  spoctrun  [79,  90]}  bolow  thoro  aro  indioatod  tho  position  of  nairina  of 
tho  Absorption  bands  (m  ): 


Vapor . . 

1.38 

1.87 

2.70 

Liquid  wator  .... 

1.43 

1.94 

2.92 

Ico . 

1.26—1.29 

---- 

3.07 

Such  A  displAconont  of  tho  absorption  bands  nako  it  possiblo  in  prinoipls  to 
BSAsuro  bj  tho  spoctral  nothod  of  wator  in  difforont  aggrogato  statos, 

individually. 

Tho  phaso  stato  con  bo  distinguishod  also  by  tho  intonsitj  of  absorption  bonds 
of  radiation  [8].  By  tho  uso  of  noro  intonso  absorption  bands  thoro  will  bo 
attainod  a  hlfjp  accuk^acy  and  sensitivity  of  spoctral  nothod  of  noasuriMonts  of 
nail  concontrations  of  wator  in  tho  atnosphoro. 

Tho  diroot  use  of  depleting  tho  radiation  in  difforont  absorption  bands  for 
dotonnining  the  wator  content  in  corresponding  aggrogato  statos  is  difficult, 
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inannich  as  in  final/  dllsparM  qratcM  (at«o8|)jtiorie  hasa,  fog)  affect  of  diffusion 
can  exceed  the  affect  of  absorption.  Hera  it  nust  ba  noted  that  absorbing  properti« 
of  oontinnous  and  dispersed  aadla  are  different. 

The  intansitj  of  the  diffusa  radiation  uid,  oonsaquantl/y  depletion  associated 
with  diffusion,  d*»pend  on  wave  length  of  the  incident  and  dlBensions  of  dispersing 
particles  (d). 

With  the  diffusion  can  be  ignored,  and  the  depletion  of  radiation  is 

caused  siainlj  bgr  absorption.  With  an  increaae  in  d  the  role  of  diffusion  increased 

Most  conplex  is  the  sjsten  d«»X.  In  this  ease  there  is  observed  a  nonsonotonii 
dependence  of  the  scattering  coefficient  X  on  X  with  obvious  alniisa  (selective 
transparencv)  and  naxina. 

The  qualitative  explanation  of  selective  transparencj  can  be  associated  with 
an  anosMlous  variation  of  index  of  refraction  n  in  the  region  of  absorption  bands, 
inansieh  as  K  ■■  K(n). 

A  direct  deteniination  b/  the  spectral  nsthod  of  the  contents  of  watsr  vapors 
in  ths  atsKMphere  is  fulfiUsd,  for  example,  [29,  44]  bj  discriminating  in  the 
infrared  sector  lines  1.24{  1.40|  1.50;  1.68$  2.2  n  ;  hare  ths  lines  1.40,  1.68m 
belong  to  the  abeorption  bands  of  imter  vapor.  The  use  of  the  two  bands  widen  the 
range  of  asasured  concentrations  of  water.  The  use  of  lines  1.24;  1.50;  2.2  m  , 
intemsdiate  between  abeorption  lines  1.40;  1.68  m  ,  aakes  it  possible  to  detsradne 
bj  interpolation  the  eensitivit/  of  the  latter. 

As  dispsrsive  (rssolving)  s/stem  there  is  ussd  a  aonochroBator  with  a  dlffTactioi 
grating,  which  with  a  spselal  caa  asohanisa  tngagss  the  corresponding  five  positions, 
in  ssriss  b/  Isadlng  the  indicated  lines  to  ths  receiver. 

The  use  of  diffraction  gratings  ss  a  dispsrsive  (resolving)  s/stsB  aakss  it 
possibls  to  attain  in  ccaparison  with  priass  a  greater  candle-power  of  the  aono- 
ehroMters  in  the  radiation  flux  with  the  aaintenanee  of  a  high  resolving  power. 

As  rsesiver  of  rsdistion  in  ths  sohsaes  of  the  spectral  h/grograph  there  is 
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tt0td  a  ooolau  photoroslstaae*  of  tentlilTo  to  ahort-waTe  roglon  of  tho  Infrorod 
apeetrui  at  tho  long-wavo  bounlarj  0.7— 3.0  m  . 

In  tho  oehono  of  tho  apoetral  hygrograph  idth  a  difft'action  dlaporaion  radl- 
ationa  from  tho  Inflrarod  aovreo  of  tho  oporating  rango  (0.7— 3.0m)  aro  doocwpoaod 
by  a  diffraction  grating  in  tho  rofloetod  light  into  a  apoetna.  With  oaeillatlona 
of  tho  grid  tho  apectnai  la  ahiftod^  ao  that  radiation  from  ita  aoctora  gradmlly 
proeooda  to  the  recoivor.  Current  being  oxeltod  in  tho  roeoivor  aro  aaplifiod  and 
aro  convoyed  to  tho  recorder. 

In  tho  acheao  with  filtora  of  radlationa  trcm  an  infrared  aourco  there  will 
eaunate  radlationa  of  tho  hydrographa  acting  apoetral  aoctora,  which  directly  pro> 
coed  to  tho  receiver,  et  cetera. 

The  achaae  of  a  apoetral  hygrografli  with  filtera  la  ainplor  both  in  optical 
principle  and  technically,  ^o  kin«aatiea  of  tho  ahifting  of  tho  roaolvlng 
(diaporaive)  ayaten  hero  alao  if  slaplor,  than  in  aehoMa  of  a  apoetral  hygrograi^ 
with  a  diffk*action  dlaporaion. 

At  tho  proaont  tine  there  ia  bMing  realiaod  a  dovelopnant  of  an  optima  achme 
for  the  ecBplox  of  tho  high  tower)  here  in  tho  aohme  being  developed  aa  roaolvlng 
ayatoB  tho  uao  of  a  ayateai  of  light  filtora  with  an  adjuatod  atability,  with  fairly 
narrow  paaa  banda  and  iho  olininated  thoraal  "creep"  of  filtora  over  tho  rango  of 
long  wavea  which  are  paaaod  by  than,  ia  propoaed. 

The  achoae  of  apoetral  hygrograph  ia  being  developed  for  ■aaanring  the  hualdity 
in  a  rango  of  te^Mraturoa  tram  40  to  -45*C)  orrora  of  neaaurwaent  with  a  partial 
proaauro  of  water  vapora  in  ataoaphora  within  tho  liaita  of  1  to  20  m  will  eon- 
atitute  3— and  up  to  1  m  —  a  aoaawhat  hl^ar  pareent. 

The  principal  advantage  of  developed  radiation  (apoetral)  nothod  of  aaaaurlng 
hnaidity,  baaed  on  uae  of  aoloctive  dopandaneo  of  degree  of  abaorption  of  Inftrared 
radiation  on  hvnidity  of  air  ia  tha  fact  that  thia  aethod  ia  direct,  hli^ily 
aanaitive  (that  ia,  it  haa  little  inertia)  and  at  tho  aam  tine  tho  aanaitivlty 
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with  decrtMing  water  vapor  and  with  deeraMing  aptetruB  width  of  the  radiation 
pencil  increaeee;  the  aethod  we  ehall  apply  for  aeaeuring  the  hwidity  daring  low 
negative  toiperaturee,  poseeases  a  stable  calibration,  a  stable  tine  constant, 
these  aUce  it  possible  to  distinguish  the  phase  states  of  the  water  vapors  in 
atax)sphere,  to  average  the  neasurenenta  on  a  variable  base  et  al. 

On  Radiation  MeasureBents 

The  Bsasuraaent  and  recording  of  radiation  characteristics  are  introduced  in 
a  systeB  of  coeplex  autcaatic  aeasureawnts  in  the  lower  layer  of  ataosphere  for 
studying  the  association  between  radiation  and  BSteorological  paroMters.  Radiation, 
transfer  and  absorption  of  radiant  enei^  in  the  lower  layer  of  ataosphere  especially 
owing  to  the  long-wave  radiation  stipulates  to  a  certain  extent  the  thensal 
conditions  in  this  layer,  its  teaperature  gradients  et  al.  which,  in  turn,  exerts 
an  Influence  on  aeteorological  processes  in  it.  At  the  present  tiae  in  coaplex 
of  radiation  Beasureaents  on  the  hig^  tower  there  has  been  developed  an  autcaatic 
reaote  control  registration  of  the  direct,  total  (global)  diffuse  and  reflected 
radiations  and  of  the  radiation  balance.  The  corresponding  scheaes  were  developed 
by  S.  T.  Mashkov  with  the  participation  of  Z.  I.  Volkovitska,  N.  G.  Stefanov^  et  al. 

As  radiation  receivers  there  have  been  adopted  the  corresponding  standard 
Instruaents  —  actincaeters,  pyranoaeters,  albedoaeters,  and  balanessaters. 

In  order  to  avoid  discrepancies  caused  by  oscillations  of  overhead  wires  in 
the  Earth's  aagnetic  field  (up  to  50  aicrovolts)  the.r  has  been  introduced  well 
shielded  wiring  of  the  radiation-awastudjig  lines  froa  sensing  units  to  the  re> 
cording  instnaants. 

The  recording  of  the  radiation  balance  of  total,  direct  dif/tae  and  reflected 
radiations  is  realised  by  a  six-point  recording  instrvasnt  eKV  with  a  discreet 
recording  according  to  potentioaetric  schass  with  a  scale  for  registering  the 
balance  up  to  5  ailllvolts  for  registering  the  direct,  total  diffuse  and  reflected 


radiations  up  to  X6  BilXivoltsj  h«r«  orror  of  roeording  trace  aaounts  to  ^  0.5^ 
of  the  liait  of  the  MaeuraaMmt. 

The  rates  of  urerlnding  of  recording  chart  aMunts  to  60  m  per  hour  that  is  a 
rate  satisfaction  for  a  practical  diseriadnation  of  the  recording  narks. 

Certain  Results  of  BKneriaental  Gradient  Measureaents 

Certain  results  of  ejqieriMntal  gradient  neasureamits  Bade  on  the  high  tower 
are  illustrated  in  Fig.  13. 

In  Fig.  13  there  are  presented  exaBpQ.es  of  neasuraBents  of  vertical  profiles 
for  different  periods  (a)  and  tosporal  variations  of  the  wind  speed  for  different 
levels  (b)  averaged  for  each  10  Blnute>period. 

In  Fig.  13  there  are  given  exsaples  of  variations  in  wind  direction  in  the 
vertical  (c)  and  variation  in  tine  (d)  moothed  within  error  of  5— lO'^  and  averaged 
for  10  minutes.  These  BsasursBents  were  Bade  bj  one  diBensional  "rhmhograph". 

In  the  figure  there  are  evident  occurrences  of  the  wind  turning  to  the  left. 

In  Fig.  13  are  presented  exiBples  of  BsasureBonts  of  vertical  profiles  (e) 
and  of  variations  with  tlae  (f)  of  tsBperature  for  different  levels  in  the  300HBeter 
lajer,  smoothed  within  error  of  0.5*C  and  with  averaging  for  a  lO-Binute  interval 
of  tlae. 

Profiles  of  temperature  for  the  routine  observation  hours  (0100,  0700,  1300, 
1900)  Bake  it  possible  to  trace  disappearance  of  surface  inversion  trem  aoming  to 
noon  and  its  refomation  in  the  aftemocm.  Toaperatures  and  wind  speeds  have  been 
calculated  for  the  profiles  at  the  0700  hr  observation  in  the  97<-217  b  and  25-97  m 
lajers.  The  Ri  nanbers  —0.08  and  ^25.97^1  *  0,23)  indicate  the  stabilitj 

in  the  lower  25-97  b  lajer  and  a  weaklj  eo^ressed  instabilitj  in  the  97-217  b  lagrer. 

In  tsBporal  variation  of  the  temperature  there  is  obeerved  decrease  in  the 
range  and  disfOaesBent  of  BaxiauB  of  temperature  with  hei4dit. 


2.  Structtnral  (Puls»tlonal)  Meaatir<a«nt0 


For  ro^^ine  oper«tion8  aiKl  for  lAvestigating  the  lower  layer  of  atanephere  of 
great  intereat  ia  the  Baaeureeient  of  turbulence  characteriatlce  bF  oeana  of 
BeaaureBanta  on  tofwera:  pulaationa  of  wind  speed  and  direction  of  teaperature  and 
hiadditj  of  apaetra  and  energy  of  any  one  coatponents  of  the  wind  speed  and  also  of 
dix*ect  Bsasureaent  of  heat  fluxes  and  arientua. 

At  present  the  aeasureawnt  and  recording  of  horisontal  conponent  of  the 
pulsation  of  wind  speed  is  made  on  a  high  tower  by  a  st.  in->gauge"pulsationograph", 
fundaasntal  circuit  of  which  is  presented  In  Pig.  14*  The  circuit  includes  a 
strain-gauge  sensing  unit,  a  power-souirce  unit  of  direct  current  with  a  voltage 
of  30  V  with  control  of  power  supply  in  current  and  on  voltage  of  recorder  —  a 
single-channel  potentiometer  EPP-0.9  with  tine  of  run  of  carriage  1  sec.  As  sensing 
unit  in  the  aeheiBe  of  strain-gauge  "pulsatlonograph"  there  is  xtsed  braked  aneanaiater 
with  a  strain-gauge  converter  C53]f  which  is  a  four-armed  equilibrium  bridge,  cobh 
posed  of  strain-gauge  resistances  —  strain-gauges  rx»  r2>  r^,  r^,  made  of  0.03  nn 
constantan  wire.  Tensometers  are  glued  in  pairs  on  two  mutually  perpendicular  lines 
onto  the  surface  of  an  elastic  tube  of  alimtinun  alloy  with  a  diameter  of  8  mm.  The 
tube  is  the  shaft  of  cup  raceiver  with  21  hesdspheres.  The  elastic  deformation  of 
the  tube's  torsion  caused  by  the  wind  pressure  on  pickup  part  which  are,  proportional 
to  squw  of  the  wind  speed  subject  the  strain-gauges  in  pairs  to  elongation  and 
conprassion,  owing  to  which  there  occurs  change  of  resistance  (  Ara  )  in  the  arm 
of  the  Wheatstone  bridge  being  formed  by  then,  and  consequently,  of  its  inbalance 
which  is  recorded  by  a  sensitive  recorder.  The  relative  change  of  the  "tenso 
resistance"  owing  to  its  dsformation  is  expressed  as: 

where  ^  is  the  relative  deforaation,  s  ia  the  voltage  in  wire. 
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fig.  13.  V-rtical  profiles  (•,  g,  e)  and  tea^wral  variations  (b,  d,  f)  by  levels 
in  los*er  300HBeter  layer  of  atnos|Aiere  aecording  to  emerinmtal  eeasureaents  on 
a  lofty  tower,  a  —  wind  speed  16  March  1961}  b  —  .Ind  speed  11  —  12  March  1961 
1  —  height  above  earth  8;  2  —  127}  3  —  193}  U  —  265.2n;  c  —  wind  direction 
on  16  March  1961}  d  —  wind  direction  10—12  March  1961}  1  —  height  above  earth 

24.6,  2  —  72.7  ,  3  —  265.2  ■}  e  —  teeiperature  16  March  1961}  f  —  tesgMrature. 


14.  fundaMntal  circuit  of  5traij»-g:'’Uf;e  "pulaationograph". 
KETt  (a)  SpociMn  of  recording  trace;  (b)  EPP<>09. 


Hie  dependence  ie  linear  [54]  and  can  be  presented  in  the  fora  of  =.  K  . 
here  K  -  1.9  —  2.1  (for  constantan)  —  sensitivity  of  the"tensore8istance''.  Within 
the  liaite  of  the  elastic  deforaations  (  y  “  2. 5 ♦10“^)  [54]: 
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by  which  there  is  determined  the  deformation  error  of  sensitive  element  of  strain 
gauge. 

The  sensitivity  of  the  strain  gauges  7  is  determined  from  the  ratio 

'  Mi 

Owing  to  baking  of  wire  onto  a  "veniflex"  base  (lacquer  VL-b)  the  sensitivity 
of  strain-gauge  maintains  a  constant  value  both  dxxrlng  elongation  and  also  dtirlng 
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Fig.  13.  V«rtleftl  profil«t  (a,  g,  •)  aad  varLatioos  (b,  d,  f)  by  larala 

in  loMur  300HBat«r  layar  of  ataoapbara  according  to  cacpariMni^  aaamraacnta  on 
a  lofty  tcwar.  a  —  wind  apaad  16  March  1961;  b  —  viad  apaad  11  —  12  Nar^  1961; 
1  —  height  abort  tarth  8;  2  —  127;  3  —  193;  4  —  265.2a;  c  —  wind  diraetion 
on  16  March  1961;  d  —  wind  dirtetion  10  —  12  March  1961;  1  —  height  abort  earth 
24.6,  2  —  72.7,  3  —  265.2  a;  e  —  teaperature  16  March  1961;  f  —  teaperature. 


ng.  14.  Pundaiaental  circuit  of  strain-g  Uf^c  "pulsationograph". 

KEY:  (4)  Soacinan  of  recording  trace;  (b)  EPP-09. 

Tha  dapandance  ia  linear  [54]  and  can  be  presented  in  the  fom  of  ™  K  . 
hara  K  •  1.9  —  2.1  (for  constantan)  —  sensitivity  of  the"ten503Pasistance".  fefithin 
the  limits  of  tha  elastic  defomations  (  y  »  2.5*10”^)  [54]: 
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by  which  there  is  determined  the  deformation  error  of  sensitive  eleswnt  of  strain 
gauge. 

The  sensitivity  of  the  strain  gauges  y  is  determined  from  the  ratio 

' 

Oirlng  to  baking  of  wire  onto  a  *'veniflex"  base  (lacquer  VL->6)  the  sensitivity 
of  strai2r*fa\ige  maintains  a  constant  valxie  both  during  elongation  and  also  during 
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compression;  for  this  reeson  a  tensometer  can  normally  operate  even  during  de¬ 
formations,  exceeding  the  elastic  limit  of  a  Hire,  as  it  returns  during  unloading 
to  its  initial  resistance.  The  baking  of  the  wire  in  a  layer  of  thermal  insulation 
material  protects  tensosmter  from  influence  of  heat  fluxes,  since  electric  re¬ 
sistance  of  metallic  wire  is  much  more  sensitive  to  changes  of  teeperature,  than 
to  charges  in  deformat-*  jn. 

For  tenscaeters  the  function  r  »  /(a/)  (,\i  — deforamtion  of  tensoaieter)  is 

unstable.  In  view  of  this  the  strain  gauge  sensing  elements  *1111  be  subjected 
periodically  to  a  control  check. 

The  tensoaieteric  bridge  —  r2  —  **3  “**  thermocompensated,  since  with 

a  change  of  temperattire  all  tensoneters  gj.ued  onto  tube  (r^^  **  r2  “  r^  “  r^  *  400 
+  0.5  ohm),  being  under  identical  tenj^erature  conditions,  obtain  identical  increments 
of  resistancoa  (dr,  )  i.e.,  there  is  fulfilled  the  condition: 

r,  •  dr,  =  r,  4-  dr,  =  r,  -i-  dr,  =  r,  +  dr, 

and  the  balance  of  bridge  is  not  disturbed.  Here  it  is  essential  thAt^,^^.:^  r  •= 

■  400  ohm. 

The  calibration  of  sensing  element  of  strain  gauge  paired  with  the  recording 
instnaaent  (EPP-C9)  is  realised  by  the  electromechanical  method.  5y  corresponding 
loads,  applied  to  cup  receiver  (the  arm  moves  abou  100  sm)  there  are  created 
trains  with  a  torque  of  M  in  kG>cm.  Deviations  of  the  recording  instruments  carriage 
caused  by  these  torques  are  marked  off  by  corresponding  values  of  wind  U  speed  from 
the  calibration  curve  of  the  sensing  unit; 

U  -  f(M). 

The  sensing  vonits  are  calibrated  p^liminarly  aged  by  naturtl  aeration  on 
tower  for  a  period  of  more  than  a  month.  The  sero-setting  of  the  sensor  unit  is 
realised  by  s  high-iHieistance  (order  of  hundred  of  kilotasi)  balance  shunt  r^.  The 
sensitivity  is  altered  by  a  shunt  r^  (up  to  tsns  of  kilohmi}. 

The  dependence  of  oxitput  voltage  of  recording  instmmmnt  on  the  wind  speed 
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(U  n/see)  and  corresponding  dsTistion  of  carriage  of  recording  instrusent  along 
scale  in  a  pnlsational  anosograph  is  nonlinear.  Error  of  asasnreaents  of  strain- 
gauges  sensing  elenents  assumd  as  the  root-aean-equare  deriation  of  their  readings 
froB  the  cunre  R  »  f(V),  constructed  on  the  basis  of  the  swan  ealues  of  10  sensor 
units,  flBOunt  to  0.1  —  0.3  ‘Ibis  does  not  go  bejond  the  lisdts  of  the  class 

of  accuracy  of  recording  instnaent  (0.51^)  in  the  0  to  40  n/sec  range  of  speeds. 

The  sensitivity  of  se^ising  unit  with  the  wind  speed  U  ■>  10  u,'sec  aaounts  to 

snr  ,  wt 

0.i5-Tr — -J  with  the  wind  speed  0  “  30  a/sec  —  0.3  a  low  sensitivity 

■v  sec  av  sec 

of  the  sensor  unit  lisdts  possibility  of  full->valtie  registration  of  the  pulsations 
in  the  standard  scale  of  iscording  Instrossnt  EPP-09  at  a  10  BUIivolt  lower  liait 
of  neasureaents  of  wind  speed  of  an  order  of  10  B^sec. 

A  broadf  g  of  the  range  of  the  pulsations  being  recorded  in  range  of  lower 
speeds  (down  to  5  ii/see)  in  the  schesn  of  a  strain-gauge  "pulsationograph”  is 
realised  by  esetending  the  scale  of  potentiosnter  EPP-09  to  1.5  millivolt  by  aeans 
of  shunting  its  operating  rheochord. 

The  accuracy  of  reading  of  wind  speed  pulsations  on  the  scale  of  recorder 
depends  on  average  speed  and  aaounts  to  0.5  a^ssc  for  U  «  5  a^sec  and  0,1  a/sec  for 
U  «  40  a/sec  with  inteinediate  values  between  these  speeds. 

The  adopted  rate  of  unwinding  of  x*ecording  graph  of  an  order  of  10  a/esc  assures 
the  solution  of  the  aarlana  frequency  (1—2  cycles  par  second)  allowable  on  the 
recording  paper  or  tape. 

The  schaae  of  a  strain-gauge  ’'pnlsationograph"  possesses  th**  essential  defects 
which  distort  the  spectnai  of  speed  pulsations.  These  defects  include  the  resonance 
propsrtias  of  the  sensing  unit:  it  has  a  natural  frequency  “  25  cycles 

per  second  with  a  hl^  Q  l.c.,  Q  ■■  60.  This  reduces  to  the  fact  that  the  natural 
frequency  of  the  sensing  unit  aukes  difficult  the  possibility  of  a  recording-trace 
of  the  pulsations  in  the  internal  of  frequencies,  near  the  resonance.  Tbe  sensing 
unit  hss  sero  drift  ard  opsrates  paired  with  an  %verage  wind  speed  ancsosMter  since 


its  sensltiiritj  depends  on  the  wind  speed.  The  longitudinal  coaixment  of  the 
pulsation  of  wind  speed  is  ueasTired  while  the  transverse  and  vertical  coaponents 
of  the  pulsation  of  wind  speed  are  not  discrlainated.  The  very  low  sensitivity 
of  the  sensing  \mit  (0.05  —  0.3  *  prevalence  of  pulsations  of  an  order 

of  1  to  2  a/sec  aakes  difficult  the  automation  of  processing,  since  the  signals  are 


difficult  to  aaplifjr. 

For  Bwasuring  pulsations  of  the  wind  speed  there  are  used  hot-wire  anenoaneters . 
The  principle  of  their  operation  is  based  on  the  relationship  between  heat  ti^nsfer 
of  heated  body  (for  example  platlntaa  or  tungsten  filsMut)  and  the  epeed  of  air 
C54,  353. 

These  schemes  are  used  in  experiasental  Investigations,  but  their  introduction 
into  the  system  of  structural  measurements  on  a  lofly  tower  is  lisdted  by  certain 
of  their  defects.  For  example,  the  change  In  temperature  of  the  air  flowing  onto 
the  filament  shifts  its  calibration  curve,  because  the  heat  transfer  of  the  filament 
is  proportional  to  the  difference  between  the  tesiperatures  of  filament  end  the 
onf lowing  air.  Application  of  hi^  temperatures  in  heating  decreases  this  effect 
(  ^  ™  Opr  ),  but  results  in  a  rapid  deterioration  of  the  wire 

filament.  Strong  incandescence  of  filament,  besides,  distorts  field  of  speed  and 
Increases  the  Inertia  of  the  filament.  Calibration  curves  of  hot-wire  anemomstere 
have  a  very  clearly  expressed  nonlinearity  [253.  The  linearisation  of  a  calibration 
is  associated  with  a  great  complication  of  the  schems. 

Stability  of  calibrations  of  hot-wire  anemometer  schemes  is  inadequate,  since 
under  action  of  dynamic  flow  the  filament  is  elongated  over  its  entire  length  and 
specially  at  points  in  contact  with  holders;  this  causes  a  tensometerlc  effect,  and 
also  alters  its  cross-section. 

Instability  and  nonlinearity  of  hot-wire  anemometrlc  sensor  units  significantly 
complicates  the  automation  of  statistical  in^csssing  of  measureaients  of  wind  speed 
pulsations . 


from  tlM  wouMritwi  d«f«ct«  etrtaic  acotutieal  instruMnita  ar«  freo,  « 
**blMWftvani*  aiero-AiMBtoMtiir  at  al.  [4»  I89  19»  58^  63].  The  first  of  those  was 
osod  in  exporiBontal  ■easwrsasats  on  a  loftj  tower. 

MsasursHsnt  and  registration  of  t«aperature  pulsations  in  «cqperinental 
■sasnrcaeiits  on  a  loftj  tower  were  Bade  polsatlonal  thenKmeter  (Bicro-thewnoBster ) 

[593. 

At  the  present  time  there  are  also  being  developed  acoustical  Bicrc^thenuswters 
[42,  57} <  PundaBsntal  schasM  [42]  is  analogous  to  the  sehasMi  of  an  acoustical 
anissnawter  [4]*  but,  in  distinction  fresi  the  lattei^  where  used  the  setho^a  of  de- 
tendning  the  wind  speed  bf  phase  difference,  in  the  mhmm  of  an  acoustical  miero"- 
themosMter  there  is  used  the  method  of  detemining  the  t<^iperaiure  hf  atm  of  the 
phases. 

Ex^TerlBsntal  Bsasursssnte  of  the  root-Bsan>square  values  of  pulsations  of  wind 
speed  eccponents,  beat  fluxes,  turbulent  friction  et  cetera  were  realised  in  the 
sTstoB  of  structural  BsasurssMnts  on  a  hi^  loftjr  altitude  tower  a  "eorrelograph" 
[5,  6],  in  whose  schesM  the  signals  are  aultiplied  up  to  a  frequenex  of  TOO  excles 
per  second. 

The  linearitx  of  a  "correlograph's"  scale  it  Baintained  In  the  range  of 
frequencies  of  0.05—500  cxclss  per  second.  The  accuraej  of  the  BeasurcMent  amounts 
to  an  order  of  3^  of  the  Baximai  msasureable  magnitude  and  is  stipulated  bx  the 
aecuracx  of  reading  along  the  scale  of  Boasuring  instrument  and  interferences  in 
the  scheme.  Determination  of  spectra  was  made  bx  means  of  low-fjrequencx  analx^er 
of  tbs  spectra  [6J. 

The  sxstSB  of  structural  measurements  prssentlx  being  woriced  out  in  experimental 

models  for  the  lower  300HBeter  lexer  of  atmosphere,  that  is,  the  sxstems  in  the 

complex  of  automatic  meteorological  measuresmnts  on  a  loftx  tower,  includes:  the 

Bsasuremsnt  of  pulsations  of  wind  speed}  pulsations  of  the  tesqpsrature;  direct 

aeasuiemsnte  of  rootHssan-square  values  of  the  pulsations,  heat  fluxes,  tux*bulsnt 

friction  St  al.:  the  msasursmsnt  of  Arsqusnex  and  range  characteristics  of  pulsations 
of  meteorological  parametere. 


Pl^.  13.  Block  dia^aa  of  conplox  "turbuli^raph" . 
1  —  sensing  unit;  2  aeasuring  scheaui;  3  — 
frequency  analyser;  4  "dispersograph";  5  ~- 
correlograph;  6  •—  recording  instnatents. 


The  entire  eysten  of  structural  (pulsational)  aeasureawnts.  In  our  opinion^ 
should  be  cohered  by  the  scheae  of  a  coaplex  "turbuligraph"  (Fig.  15)  for  aeasuring 
the  mixing  characteristic (turbulence)  > 


Pig.  16.  Longitudinal  correlation  function  (a)  and  the  variation 
of  turbulent  energy  with  height  (b),  detensined  by  aeasurasents  of 
horisontal  pulsations  of  wind  speed  on  lofty  tower. 

Pigs.  l6a,  and  l6b  illustrate  the  aeasureaents  Bade  on  a  tower  by  aesns  of 
tensoBMteric  puleatiograph  of  turbulence  characteristics  of  the  field  of  speeds 
[22]. 
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Flf*  17*  Fftrliition  in  tiae  of 
dinportion  of  pnlMtions  of 
horizontal  asd  ▼artieal  eoan 
pommts  of  wind  spood  and  of 
t«s^ratiare. 
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Fig.  Ifi.  Variation  in  tins  of 
friction  •tress  ( /  _\  ^  [pW'; 
30  June  1V60)  and  heat  flux 
i  5  July  I960). 


Fig.  19.  Sapendence  of  spectral  density  of  energy 
of  pulsations  of  horisontal  and  rertical  coeponents 
of  wind  speed  and  of  pulsations  of  tesaperature  on 
wave  matd»ar  k  JsL. 

U 
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In  Fig.  16a,  there  ia  preeented  a  correlation  function,  obtained  by  aeaeurlng 
of  horizontal  pulaaticns  of  wind  speed  at  the  75  a  level.  In  this  example  the 
horizontal  dimension  of  heterogeneities  at  the  level  of  laeasurements,  determined 
by  the  drop  of  the  correlation  function  to  zero,  amounts  to  about  200  m.  In  Pig. 

16b,  the  chinge  in  turbulent  energy  with  height  is  presented.  In  this  case  turbulent 
energy  per  unit  of  mass  of  air  increases  with  height,  as  it  amounts  to  1  -  3  mVsec 
at  the  100  to  500  m  levels  and  3  to  5  m^/sec^  at  200  to  300  m. 


Fig.  20.  Dependence  of  energy  of  the  pulsation  of  temperature 
of  the  horizontal  and  vertical  components  of  wind  speed  on  the 

frequencies , 

Rl  »  +O.0ti!3;  \6  -  V,  Rl  «  *- 0.WT9;  2a  -'.i/’ .  Ri  -  -  O.nijfi,  -  W’.  Rl  »  —  O.OOm. 

2*  ~  HI  V.  +  0.05»;  3a  -  ni  -  -  O.oaiS;  36  -  Ri  -  0,0»31 

KEY:  (a)  cm^/sec^:  (b-l)  bcale  3a:  (’0-2)  Scale  3b:  (b»3) 

Scale  2a,  bj  (b-4)  Scale  2c;  (b-5)  Scale  la;  (b->6)  Scale  lb. 

Figs.  17-20  Illustrate  complex  measurements,  made  on  the  tot>r:r  by  L.  R. 
Tsvang,  S.  L.  Zubkovskiy,  V.  N.  Ivanov,  et  al.  by  means  of  a  micro- thermometer, 
"blanemovane**  correlograph  and  frequency  analyser  of  specr^ra. 

In  Pig.  17,  18  there  are  given  variations  in  time  of  dispersions  of  the 
I  pulsations  (energies)  of  horisontal  and  vertical  components  of  wind  iripeeds  and  of 


the  temperature  (Fig,  17),  heat  fluxes  and  friction  stress  (Fig.  18),  drawn  through 
the  points,  taken  from  corresponding  recordings  of  measurements  made  every  two 
minutes  with  an  averaging  for  each  100  sec.  In  Fig.  19  the  presented  dependency 
(determined  for  different  conditions  of  stability  (Ri))  of  the  spectral  density  of 
energy  of  the  pulsations  <>•,  U',  W*  on  the  wave  number  (k  “  ^  ),  is  plotted  on  a 
logarithmic  scale.  The  corresponding  graphs  show  that  at  the  measui^ed  level  (310  m) 
Jtist  as  In  the  layer  iamediately  above  the  soil  and  in  the  free  atmosphere  [59,  60], 
power  function  of  spectral  density  of  the  pulsations  of  a  frequency  with  exponent 
of  a  power  »  »«  -—5/3,  derived  from  the  Kolmogorov  —  Obuk’ftov's  "2/3"  law. 

If  the  spectral  density  of  the  energy  of  the  pulsations  is  presented  graphically 
in  coordinates  Pk  and  log,k,  then  the  corresponding  curve  (Fig,  20)  shows  the  dis¬ 
tribution  of  turbulent  energy  by  the  range  of  the  wave  numbers.  A  comparison  of 
these  graphs  with  results  of  other  measurements  in  surface  layer  [59,  60]  indicates 
the  displacement  with  height  of  the  maximum  of  energy  of  pulsations  *,  U*,  W*  in 
region  of  lower  frequencies;  this  is  explained  by  the  increase  with  height  of  scales 
of  the  dynamic  turbulence  and  by  decrease  of  the  number  of  convective  flows, 

3.  Centraliaed  Control  Management  of  Measuring  Complex 
and  Prograamilng  of  Measurements 

The  recording  of  maaaurements  and  monitoring  of  operating  ccnditions  of 

measuring  schemes  in  the  complex  of  auttanatlc  meteorological  measurements  on  lofty 

tower  are  centralized. 
recorders/ 

The  f  the  converting  and  switching  devices^  et  al,  are  installed  in 

panels,  which  are  reduced  to  a  stand  (Fig.  21).  Control  (switching,  monitoring  and 
adjustment  of  ‘feeding  and  operating  cor.ditions  of  the  measuring  schemes,  recorders, 
converters  ard  switching  devices)  will  be  made  from  central  panel. 

In  the  stand  and  on  the  panel  for  conveniences  in  operating  the  apparatus  the 
grouping  of  instruments  according  to  systems  of  measurements  (gradient  and  structural) 
and  according  to  the  parameters  (Fig.  22)  being  m«as\ired  has  been  made. 


Fig.  21.  General  ^ew  of  stands  for  hi«b- tower  recording 
instnsaents  ^left  and  rl^t  views). 


Fi«.  22B.  Plan  of  stand  hall. 


From  the  central  panel  there  le  realised  the  nonltorlng  on  the  operating  con> 
ditiona  feeding  of  meaeuriiig  acheswe  asid  the  recording  of  the  Beastared  paraMtere, 
and  also  coaonmication  with  all  lerela  of  tower  during  operations  on  it  (for  exMiple 
during  calibration  of  aenaing  units^  et  al.).  On  central  panel  there  are  introduced 
starting  panela  for  single  and  ccnplex  connection  of  the  recorders,  conrertij^  and 
switching  devices  vmitoring  inatrvBsnts^  at  al. 

In  initial  variant  on  panel  there  is  realised  cell  (toggle  switch)  switching  in 
and  turning  off  of  recording  convex.  In  the  future  the  starting  panela  should  bs 
replaced  by  a  master  programming  device  by  automatically  controlltsd  switching  on  of 
measuring  and  recording  circuits  according  to  the  given  program  of  meaauremapta. 

There  is  possible  selector  comsunication  between  the  director  of  experiment, 
located  at  central  panel,  and  collaborators  on  operating  platforms  of  tower  (for 
example,  during  production  of  experiments,  calibration  and  control  check  of  data 
units  on  tower). 

The  simultaneous  recording  of  measurements  of  sensing  units  from  all  four 
verticals  of  tower  is  technically  cumberuome  and  complicated}  at  the  same  time  the 
sehemt  measuring  lines  and  current  expended  on  thimi  Incroaeee  and  becomss  more 
ecmplicated. 


Fig.  22C.  Control  panel. 


In  order  to  ascertain  the  representatiyenese  of  measureuients  on  tower  in  any 
one  direction  there  have  been  made  investigaticne  of  aerodynamic  field  along  towers; 
these  have  shown  that  a  vortex  region  and  vestige  of  turbulence  exists  beyond  body 
of  tower,  this  limits  its  operating  sector  to  240®.  The  winu  direction  within  the 
limits  operating  sector  at  distances  fiom  the  location  of  sensing  units  (7.5  m)  re¬ 
mains  undistorted.  Distortions  of  field  of  speeds  in  the  operating  sector  at  dis¬ 
tance  of  more  than  10  m  from  balcony  do  not  exceed  the  error  of  measureoient  of  wind 
speed  by  sensing  units  of  photopulse  anemograph.  The  effect  of  fixtures  in  the 
operating  tower  platforms  with  bracings  and  guard  rails,  rack  winches  on  the  lines 
of  flow  in  the  flow  around  the  tower  at  distance  of  location  of  sensing  units  (7.5  m) 
is  not  significant. 

In  complex  of  measurements  on  the  tower  there  has  been  adopted  the  principle 
of  measuring  on  one  windward  side  (vertical)  which  makes  it  possible  to  reduce  re¬ 
cording  apparatus  by  four  times  to  reduce  the  power  supply,  and  also  the  area, 
occupied  by  the  recording  apparatus;  this  correspondingly  simplifies  the  measuring 
and  poirer  schemes. 


Fig.  23.  Block  diagram  of  programming  of  measurements. 

1  —  assigning  device;  2  ~  decoder;  3  —  command 
clock  (electronic  model);  4  —  measuring  schemes. 

At  present  in  the  complex  of  automatic  meteorologic  measurements  on  high  tower 
take  there  has  been  adopted  a  24-hour  series  recording  of  the  chief  meteorological 
parameters;  temperature,  average  speed  and  direction  of  wind,  humidity^ et  al.  A 
frequent  reading  taken  from  measurements  on  tapes  or  graphs  recording  ’nstmments 
requires  a  great  expenditxire  of  time  ana  labor.  The  automation  of  processing  of 
recording  of  measuranents  is  still  a  complex  problem  and  restricts  the  readings  of 
the  data  to  routine  obucrvation  hours;  the  data  between  the  routine  observation  hours 
remains  unused. 

It  is  expedient  that  certain  meteorological  measurements  are  not  made  at  routine 
observation  hours  but  rather  with  respect  any  one  process  occurring  in  the  atmo¬ 
sphere  (movement  of  fronts,  increasing  instability,  associated  with  causes  of  a 
d3niamic  or  thermal  nature,  et  cetera).  Such  nonroutine  measurements  are  essential 
for  investigations  on  particular  meteorological  phenomena. 

It  follows  from  this  necessity  of  introducing  in  certain  cases  the  programing 
of  measurements,  l.e.,  including  measurementa  of  parameters  at  definite  periods  of 
time  at  any  one  or  any  combination  of  levels,  as  required  by  a  particular  investi¬ 
gator  or  according  to  a  program  of  measurements  requested  by  a  individual  user. 

In  a  possible  fundamental  block  diagram  of  automatic  programBing  of  measure¬ 
ments  (Pig.  23)  program  of  measurements  on  punched  or  magnetic  tape  is  Introduced 
into  the  assigning  mechanism,  the  signals  from  «ihl>  h  proceed  to  the  decoder.  The 
appropriately  deciphered  and  grouped  programs  for  the  decoder  signals  proceed  to 
the  caoBand  block,  from  which  they  proceed  to  measuring  channels  by  switching  in  or 
unswltching  the  corresponding  measuring  schemes. 


In  working  out  a  progracBiing  of  oeaBurflrBenta  one  should  proceed  from  dis¬ 
tinction  of  apparatus  of  passive  measurements  with  those  apparatuses  of  an  active 
measurement  with  a  self-adjustable  program  on  the  basis  of  assumed  or  established 
laws  of  the  natural  processes. 

On  Processing  Data  Derived  from  the  Measurements 

I^ta  derived  from  measurements  in  the  complex  of  the  high  tower  are  processed 
at  present  toward  reading  values  off  of  the  recording  traces  of  measuring  jnstruments 
at  adopted  routine  observation  times  with  an  averaging  of  data  for  a  lO-minute 
interval;  processing  of  data  from  sieasurenents  according  to  adopted  measurements  ii: 
the  investigations  of  a  particular  meteorological  element. 

The  occasionallLj  used  electro-mechanical  system-perforator  ~  sort ei^tabula tor 
does  not  possess  adequate  possibilities  of  analysis;  there  remains  unsolved  the  very 
important  problem  of  autosuitlc  transfer  of  data  of  measurements  from  the  sensing 
units  or  from  the  recoiling  traces  on  recording  insturments  onto  punched  cartl  or 
punched  tapes;  for  certain  investigations  it  is  expedient  to  use  electronic-computers 
d\iring  the  processing  of  materials. 


Pi«.  24.  Block-diagram  of  progransed  punch-card 

machine. 

1  sensing  units;  2  —  modulator;  3  “  recorders; 
4  — -  encoder;  5  •—  masfter  unit;  6  — •  punch-card 

machine. 


In  the  possible  scheme  of  a  programmed  punching  (Fig.  24)  signals  of  the 
pulse  sensing  units  or  quantised  (for  example,  in  circuit  of  pulse  modulator) 
continuous  signals  from  the  sensing  units  of  continuous  operation  proceed  in  parallel 


to  circuit  of  registration  to  the  coding  mechanism.  From  the  coding  device  the 
grouped  signals  through  the  returning  master  unit  are  fed  into  an  automatic  punching- 
machine  or  magnetic  recording. 

A  statistical  analysis  of  structural  (pulsational)  measurements  can  be  made 
both  by  their  direct  processing  in  correlators  and  also  with  use  of  radio-engineering 
circuit  "correlator-meters"  spectra  analyzers  et  al.,  in  which  necessar  sequence 
of  mathematical  operations  is  made  directly  over  signals  from  sensing  sments  [5, 

6,  32,  59,  60,  73].  The  averaging  in  the  circuits  of  analyzers  of  stc  ^.istical 
characteristics  it  is  desirable  to  make  after  an  interval  of  time,  greater  than  the 
period  of  the  very  lowest  frequency  of  investigated  range;  for  the  optimum  interval 
of  temporal  averaging  is  adopted  in  such  a  way  that  the  result  is  statistically 
stable . 

For  control  of  measurements  there  is  introduced  a  check  of  their  technical 
(instrumental)  and  geophysical  authenticity.  The  assurance  of  technical  (instni- 
mental)  authenticity  of  the  measurements  involves  a  systematic  control  of  the 
operation  of  apparatus  in  accordance  with  specifications  of  its  operation,  its 
periodic  calibration,  a  verification  by  nomograph,  technical  analysis  of  the 
measurements.  The  geophysical  —  authenticity  is  assured  strict  fulfillment  of 
instruction  in  methodology  in  reading  off  the  measurements  from  the  recording  traces, 
technical  check  and  physical  analysis  of  the  data  from  the  measurements. 

Autnenticity  of  measurements  is  limited:  by  the  accuracy  of  measurements 
(accuracy  of  sensing  element,  error  of  recorder,  connecting  lines,  intenwdiate 
elements);  representativeness  of  interval  of  averaging,  identity  of  measuring  circuits 
(sensing  v.lements  at  different  levels). 

Identity  of  sensing  elements  mounted  on  one  vertical,  is  extremely  important 
for  obtaining  of  good  profiles.  Deviation  of  the  accuracy  of  measurements  between 
adjacent  sensing  eleiMnts  should  not  exceed  0.1  m/sec  for  the  speed  and  0.1*C  for 
the  temperature. 
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ConclttaionB 


1.  The  Institute  of  Applied  Geophysics  complex  of  sutomstic  meteorological 
measurements  in  the  lower  300Hneter  layer  of  atmosphere,  based  on  high-altitude 
tower  of  the  Institute,  is  essentially  an  automatic  geophysical  observatory  developed 
and  designed  for  the  solution  of  a  number  of  theoretical  and  applied  problems, 
associated  with  meteorological  conditions  and  phr*ical  processes  in  the  lower  layer 
of  atmosphere. 

The  high-altitude  tower,  equipped  with  complex  of  measuring  apparatxis,  serves 
like  probe  ,  thrust  into  an  atmospheric  layer.  The  organization  and  development  of 
a  network  of  such  "probes”  can  considerably  literally  and  figuratively  raise  the 
level  of  atiBospheric  investigations  «nd  cperational  meteorological  service. 

2.  The  development  of  complex  of  automatic  meteorological  measTirements  in 
the  lower  300-meter  layer  of  atmosphere  %fill  be  conducted  towards  developing  a 
system  of  gradient  and  structural  (pulsational)  measurements. 

3.  The  development  and  utilization  of  complex  of  automatic  meteorological 
measurements  in  the  lower  300-Beter  layer  of  atmosphere  on  high-altitude  tower  will 
involve  a  ntaiber  of  important  pjroblems,  a  portion  of  which  are  solved  at  present, 
and  the  solution  of  other  problems  is  matter  of  the  immediate  future. 

4.  Present  problesis  in  developing  the  comjslex  of  automatic  meteorological 
measurements  on  high-altitude  tower  are:  a  subsequent  development  ana  utilisation 
of  automatic  measurements  of  humidity  by  a  spectrum  (radiation)  method;  development 
and  utilisation  in  experimental  siodels  of  a  stationary  complex  of  structiural 
(pulsatlonal)  measurements;  development  of  system  of  Imediate  punch-card  perforation 
of  results  of  measureaients,  a  remote-control  recorder  of  cloudiness,  a  visibility 
recorder,  precipitation  and  icing  recorders  and  an  "icing-graph". 

Automation  of  determining  clotidiness  by  a  IG-polnt  scale,  by  levels  (high, 
middle,  low)  and  structure  oan  be  realised  by  an  installation,  superposing  a 


spherical  ciirrcr,  in  which  the  :loudine88  of  the  celestial  hemisphere  Is  reflected 
[3],  8nd  a  television  transmission  of  this  ijcage  .j  a  recorder  with  the  fixation  of 
i  on  the  image  visualitation  tape  specially  developed  with  the  use  of  principles, 
for  example,  of  a  phototelegraphic  apparatus. 

As  the  basis  of  this  scheme  of  photographic  method  is  one  of  the  most  con¬ 
venient  in  a  systematic  study  of  movement  and  development  of  clouds.  It  gives  a 
clear  represent a^-’ on  of  character  of  cloudiness  in  various  parts  of  sky,  its 
variation  and  amount  of  cover  over  the  celestial  arch.  By  having  successive  photo¬ 
graphs  of  the  cloud-cover,  it  is  possible  to  quantitatively  to  determine  how  it  or 
other  clouds  develop  In  time  and  how  Its  linear  dimensions  and  area  varies. 

The  proposed  method  excludes  a  subjective  evaluation  of  the  cloud-cover  and 
makes  it  possible  to  obtain  more  reliable  objective  data  and  at  the  same  time  not 
only  qualitative,  but  also  quantitative  idea  of  the  location  and  forms  of  the  cloud- 
cover  over  the  celestial  arch  code.  Knowledge  of  angular  coordinates  and  heights 
of  the  cloud-cover  provides  the  possibility  of  quantitatively  estimating  the  rate 
of  its  speed  movement,  its  development  which  is  specially  Important  dxiring  investi¬ 
gations  of  a  rapidly  changing  clo\»d-cover. 

The  registration  of  visibility  in  the  complex  of  the  tower  can  be  realised  both 
at  all  heights  of  the  lower  300-meter  l^yer  of  atmosphere  (vertically),  axKl  also  on 
horisontal  and  oblique  visibilities.  Acceptable  variants  of  the  solutions  of  this 
problem  are  available  in  works  [12,  16]. 

The  registration  of  precipitation  from  registrations  of  their  beginning,  ter¬ 
mination  and  Intensity  can  be  realised  by  means  of  existing  Instnmwnts  and  those 
used  in  special  investigations  concsmsd  with  precipitation  measuresMnt  (rain  gages^ 
et  cetera). 

Especially  the  expediency  of  develo];aent  of  an  icing  recorder  and  an  "icing- 
graph"  must  be  mentioned^  inasmuch  as  on  tower  and  in  general  on  lofty  structures 
during  autvnn  and  wlntsr  there  is  observed  heavy  icing.  The  study  and  action  of 
icing  on  construction  is  of  great  practical  interest. 


In  concixiaior.  th«  tuthor  con«lci#r«  it  hla  dutj  tc  tn^nk  Acadfloslcian  ?'e-  K. 
FedoroT  for  hia  constant  attention  to  the  solution  of  the  above- indicated  proble* 
and  persistent  support  in  sumounting  difficulties  vhich  arose  during  the  work. 

The  atithor  expresses  his  gratitude  to  N.  L.  Byeova,  V.  N.  Ivanov  and  I.  M, 
Kravchenko,  who  read  the  work  in  aanuscript,  and  for  their  valuable  advice. 

A.  S.  Murav'jev  assisted  greatly  in  developing  and  manufacturing  the  operating 
apparatus  on  the  tower  apparatus  in  many  respects  assisted  A.  S.  Hurav'yev. 

In  woric  of  devising  the  complex  of  autosiatlc  geophysical  observatory  V.  D. 
Andreyev,  V.  V.  Poltavskiy,  V.  S.  Storoahko,  L.  Te.  Lobov,  B.  P.  Zotov,  V.  G. 
Stefanov  ,  G.  S. Vasll'yeva,  I.  I.  Prokof’yev,  M,  M.  Batnlkova^et  al^  contributed 
much  work  and  skill. 

The  photographs, illustrating  this  work  were  made  by  V.  S.  Storozhko. 
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